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(54) Olefin polymerization catalysts, transition metal compounds, processes for olefin 
polymerization, and Alpha-olef in/conjugated dtene copolymers 

(57) The invention provides olefin polymerization catalyst exhibiting excellent polymerization activities, a process 
for olefin polymerization using the catalyst a novel transition metal compound useful for the catalyst, and an a-de- 
f in/conjugated diene copolymer having specific properties. The olefin polymerization catalyst of the invention comprises 
(A) a transition metal compound of formula (I) or (II), and (B) an organometallic compound, an oranoaluminum oxy-com- 
pound or an ionizing ionic compound. The novel transition metal compound of the invention is a compound of formula 
(0 wherein M is a transition meal atom of Group 3 or 4 of the periodic table; m is an integer of 1 to 3; R 1 is a hydrocarbon 
group, etc.; R 2 to R s are each H, a halogen, a hydrocarbon group, etc.; R 6 is a halogen, a hydrocarbon group, etc.; n is 
a number satisfying a valence of M; and X is a halogen, a hydrocarbon group, etc. 
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Description 

FI51D Qp TH5 INVENTION 

5 The present invention relates to novel olefin polymerization catalysts, transition metal compounds and processes 
for olefin polymerization using the olefin polymerization catalysts. 

The present invention also relates to a-olefin/conjugated diene copolymers which have narrow molecular weight 
distribution and are favorably used as rubbers. 

10 BACKGROUND OF THE INVENTION 

As olefin polymerization catalysts, "Kaminsky catalysts" are well known. The Kaminsky catalysts have extremely 
high polymerization activities, and by the use of them, polymers of narrow molecular weight distribution can be 
obtained. Transition metal compounds which are known as those employable for the Kaminsky catalysts are. for exam- 
is pie, bis(cyciopentadienyl)zirconium dichlortde (see: Japanese Patent Laid-open Publication No. 19309/1083) and eth- 
ylenebis(4,5,6J-tetraiiyaVoindeny0zirconium dichloride (see: Japanese Patent Lad-Open Publication No. 
130314/1086). It is also known that the olefin polymerization activities or the properties of the resulting polyolefins 
greatly vary when different transition metal compounds are used in the polymerization. Further, transition metal com- 
pounds having a ligand of diimine structure have been recently proposed as novel olefin polymerization catalysts (see: 
x International Patent Publication No. 962301 0). 

By the way, polyolefins generally have excellent mechanical properties, and therefore they are used in many fields 
such as fields of various molded products. However, with variation of requirements for the polyolefins, polyolefins of var- 
ious properties have been desired in recent years. Moreover, increase of productivity has been also desired. 

Under such circumstances as mentioned above, there has been desired development of olefin polymerisation rat- 
as alysts having excellent olefin polymerization activities and capable of producing polyolefins of excellent properties. 

It is well known that copolymerization of several kinds of a-defins and non-conjugated dienes proceeds when Ze- 
gler-Natta polymerization catalysts are used. Since the copolymers thus obtained are useful as rubbers, copolymers of 
various types have been produced. However, the non-conjugated dienes used in the copolymerization are generally 
expensive and have low reactivity. Therefore, diene components which are inexpensive and have high reactivity are 
30 desired. 

Examples of such diene components include conjugated dienes such as 1.3-butadiene and isoprene. Though 
these conjugated denes are more inexpensive and have higher reactivity as compared with the conventional non-con- 
jugated dienes, they have problem such that the activities are markedly lowered or only ununifonm copolymers of wide 
composition distribution or wide molecular weight distribution are obtained if the copolymerization is conducted by the 

35 use of the conventional Zegler-Natta polymerization catalysts. In case of a Ziegler-Natta catalyst system using a vana- 
dium compound, the polymerization activities are extremely low, though relatively uniform copolymers are obtainable. 
In the circumstances, copolymerization of ethylene and butadiene using metaltocene catalysts which have been studied 
extensively and thus known to exhibit high polymerization activities has been investigated (National Publication of Inter- 
national Patent No. 501633/1989). 

40 In the above case, however, it has been reported that from the diene unit and ethylene incorporated into the polyme 
form together cydopentane skeleton in the polymer chain, and that the proportion of the cydopentane skeleton 
becomes not less than 50 % of all the diene units. The conversion of double bonds of the diene unit into the cydopen- 
tane skeleton is very disadvantageous in the procedure of "vulcanization" required to use the copolymers as rubbers. 
Further, the cydopentane skeleton is an unfavorable skeleton because it functions to increase glass transition temper- 

46 ature of the copolymers and is detrimental to the lew-temperature properties of the rubbers. 

Under these circumstances, as mentioned above, there has been eagerly desired development of copolymers of 
a-olef ins and conjugated dienes, which have narrow molecular weight distribution and uniform composition and contain 
almost no cydopentane skeleton in their polymer chains. 

so OBJECT OF THE INVENTION 

It is an object of the present invention to provide an olefin polymerization catalyst having excellent olefin polymeri- 
zation activities. 

It is another object of the invention to provide a novel transition metal compound useful for such catalyst. 
55 It is a further object of the invention to provide a process for olefin polymerization using the catalyst 

It is a still further object of the invention to provide an a-olefin/conjugated diene copolymer having a narrow molec- 
ular weight distribution and containing almost no cydopentane skeleton in its polymer chain. 
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SUMMARY QFTHEIIWENTPN 

The first olefin polymerization catalyst according to the present invention comprises: 

(A) a transition metal compound represented by the following formula (I), and 

(B) at least one compound selected from: 

(B-1 ) an organometallic compound, 

(B-2) an organ oaluminum oxy-compound, and 

(B-3) a compound which reacts with the transition metal compound (A) to form an ion pair: 




wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
m is an integer of 1 to 6. 

R 1 to R 6 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon 
group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a 
boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon -containing 
group, a germanium-containing group or a tin-containing group, and two or more of them may be bonded 
to each other to form a ring, 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that 
the groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur- 
containing group, a nitrogen-containing group, a boron-containing group, an aluminum-containing 
group, a phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, 
a silicon-containing group, a germanium-containing group or a tin-containing group, and when n is 2 
or greater, plural groups X may be the same or different and may be bonded to each other to form a 
ring. 

In the present invention, R 6 in the formula (I) is preferably a halogen atom, a hydrocarbon group, a heterocyclic 
compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, a sulfur-con- 
taining group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or a tin-con- 
taining group. 

In the present invention, the transition metal compound represented by the formula (I) is preferably a transition 
metal compound represented by the following formula (l-a): 
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wtierein Mis a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
m is an integer of 1 to 3, 

20 R 1 to R 6 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, a hydrocarbon-substituted silyi group, a hydrocarbon-substituted sitoxy group, an 
altoxy group, an aikytthio group, an aryloxy group, an arytthio group, an acyl group, an ester group, a thioester 
group, an amido group, an irrodo group an amino group, an imino group, a sulfonester group, a sutfbnamido group, 
a cyano group, a nitro group, a carboxyt group, a sulfo group, a mercapto group or a hydroxyt group, and two or 

25 more of them may be bonded to each other to form a ring, 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 
30 X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sutfur-containing 

group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus- 
containing group, a halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a 
germanium-containing group or a tin-containing group, and when n is 2 or greater, plural groups X may be the 
same or different and may be bonded to each other to form a ring. 

35 

In the above formula (l-a), R 6 is preferably a halogen atom, a hydrocarbon group, a heterocyclic compound residue, 
a hydrocarbon-substituted sifyl group, a hydrocarbon-substituted siloxy group, an altoxy group, an aikytthio group, an 
aryloxy group, a arytthio group, an acyl group, an ester group, a thioester group, an amido group, an imido group, an 
amino group, an imino group, a sulfonester group, a suffonarrado group, a cyano group, a nitro group, a carboxyi group, 
40 a suKO group, a mercapto group or a hydroxy! group. 

Further, the transition metal compound represented by the formula (I) is preferably a transition metal compound 
represented by the following formula (l-a-1): 




(I-a-1) 
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wherein M is a transition metal atom of QroLp 3 to Group 1 1 of the periodic table, 
m is an integer of 1 to 3, 

R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an 
5 altoxy group, an alkytthio group, an aryloxy group, an aryrthto group, an acyt group, an ester group, a thioester 
group, an amido group, an imido group, an amino group, an imino group, a surfonester group, a sultonamjdo group, 
a cyano group, a nitro group or a hydroxyl group, and two or more of them may be bonded to each other to form a 
ring, 

10 when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 

groups R 1 are not bonded to each other, 
n is a member satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocar- 
bon group of 1 to 20 carbon atoms, an oxygen-containing group, a suKur-containing group or a silicon-contain- 
15 ing group, and when n is 2 or greater, plural groups X may be the same or different and may be bonded to each 

other to form a ring. 

In the formula (l-a-1). R 6 is preferably a halogen atom, a hydrocarbon group, a heterocyclic compound residue, a 
hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an altoxy group, an alkytthio group, an ary- 
20 looey group, an arytthio group, an acyl group, an ester group, a thioester group, an amido group, an imido group, an 
amino group, an imino group, a surfonester group, a sultonamido group, a cyano group, a nitro group or a hydroxyl 
group. 

In the present invention, further, the transition metal compound represented by the formula (I) is preferably a tran- 
sition metal compound represented by the following formula (l-b): 

25 




40 



wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
m is an integer of 1 to 6. 

45 R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
hydrocarbon-substituted silyl group, an alkoxy group, an aryloxy group, an ester group, an amido group, an amino 
group, a sultonamido group, a cyano group or a nitro group, and two or more of them may be bonded to each other 
to form a ring, and 

so when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 

groups R 1 are not bonded to each other. 

In the formula (l-b), R 6 is preferably a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyl group, 
an alkoxy group, an aryloxy group, an ester group, an amido group, an amino group, a sultonamido group, a cyano 
55 group or a nitro group 

It is preferred that M in the transition metal compound (A) is at least one transition metal atom selected from Groups 
3 to 5 and Group 9 of the periocfic table. 

The first olefin polymerization catalyst according to the invention may further comprise a carrier (C), in addition to 
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the transition metal compound (A) and at least one compound (B) selected from the organometallic compound (B-1). 
the oroanoatuminum oxy -compound (B-2) and the compound (B-3) which reacts with the transition metal compound (A) 
to form an ion pair. 

The first process for olefin polymerization according to the present invention comprises polymerizing or copolymer- 
ising an olefin in the presence of the above-mentioned olefin polymerization catalyst. 

The second olefin polymerization catalyst according to the present invention comprises: 

(A") a transition metal compound represented by the following formula (II). and 
(B) at least one compound selected from: 

(B-1) an organometallic compound, 

(B-2) an organoaluminum oxy-compound, and 

(B-3) a compound which reacts with the transition metal compound (A*) to form an ion pair. 




(ID 



wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 

R 1 to R 10 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon 

group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a 

boron-containing group, a sulfur-containing group, a phosphorus-containing group, a si I icon -containing 

group, a germanium-containing group or a tin-containing group, and two or more of them may be bonded 

to each other to form a ring, 

n is a number satisfying a valence of M, 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-con- 
taining group, a nitrogen -containing group, a boron-containing group, an aluminum-containing group, a 
phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, a silicon- 
containing group, a germanium-containing group or a tin-containing group, and when n is 2 or greater, plu- 
ral groups X may be the same or different and may be bonded to each other to form a ring, and 
Y is a divalent bonding group containing at least one element selected from the group consisting of oxy- 
gen, sulfur, carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when it is a hydrocarbon 
group, the hydrocarbon group has 3 or more carbon atoms. 

In the above formula (II), at least one of R 6 and R 10 is preferably a halogen atom, a hydrocarbon group, a hetero- 
cyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group a sulfur- 
containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or a tin- 
containing group. 

The transition metal compound represented by the formula (II) is preferably a transition metal compound repre- 
sented by the following formula (ll-a). 
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wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 

R 1 to R 10 may be the same or different, they are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
hydrocarbon-substituted silyl group, an altoxy group, an aryloxy group, an ester group, an amido group, an amino 
group, a sultonamido group, a cyano group or a nitro group, and two or more of them may be bonded to each other 
so to form a ring, 

n is a number satisfying a valence of M, 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a haJogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a surfur -containing group or a silicon-containing group, 
and when n is 2 or greater, plural groups X may be the same or different and may be bonded to each other to form 
25 a ring, and 

Y is a divalent bonding group containing at least one element selected from the group consisting of oxygen, surfur, 
carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when it is a hydrocarbon group, the hydrocar- 
bon group has 3 or more carbon atoms. 

so In the above formula (ll-a), at least one of R 6 and R 10 is preferably a halogen atom, a hydrocarbon group, a hydro- 
carbon-substituted silyl group, an alKoxy group, an aryloxy group, an ester group, an amido group, an amino group, a 
sultonamido group, a cyano group or a nitro group. 

ft is preferred that M in the transition metal compound (A") is at least one transition metal atom from Groups 4 and 
5 of the periodic table. 

35 The second olefin polymerization catalyst according to the invention may further comprise a carrier (C). in addition 
to the transition metal compound (A*) and at least one compound (B) selected from the organometailic compound (B- 
1), the organoaluminum oxy -compound (B-2) and the compound (8-3) which reacts with the transition metal compound 
(A) to form an ion pair. 

The second process for olefin polymerisation comprises polymerizing or copolymer! zing an olefin in the presence 
40 of the above-mentioned olefin polymerization catalyst 

The novel transition metal compound according to the present invention is represented by the following formula (III): 
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wherein M is a transition metal atom of Group 4 or Group 5 of the periodic table, 
m is an integer of 1 to 3. 

R 1 is a hydrocarbon group, a hydrocarbon-substituted sttyl group, a hydrocarbon-substituted siloxy group, an aJkoxy 
group, an alkytthio group, an aryloxy group, an arytthio group, an ester group, a thioester group, a suffonester group 

5 or a hydroxy] group. 

R 2 to R 5 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, a hydrocarbon-substituted silyi group, a hydrocarbon-substituted siloxy group, an 
alkoxy group, an alkytthio group, an aryloxy group, an arylthio group, an ester group, a thioester group, an amido 
group, an imido group, an amino group, an imino group, a suffonester group, a sulfonamido group, a cyano group, 

10 a nitro group, a carboxyl group, a sulfo group, a mercapto group or a hydroxy! group, 

R 6 is a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyi group, a hydrocarbon-substituted siloxy 
group, an alkoxy group, an alkytthio group, an aryloxy group, an arylthio group, an ester group, a thioester group, 
an amido group, an imido group, an imino group, a suffonester group, a sulfonamido group or a cyano group, 
two or more of R 1 to R 6 may be bonded to each other to form a ring. 

15 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitrogen- 
20 containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing group, a 

halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a germanium-contain- 
ing group or a tin-containing group, and when n is 2 or greater, plural groups X may be the same or different 
and may be bonded to each other to form a ring. 

25 The above-mentioned transition metal compound is preferably a compound represented by the following formula 
(l"-a): 




wherein M is a transition metal atom of Group 4 or Group 5 of the periodic table, 
45 m is an integer of 1 to 3. 

R 1 to R 5 may be the same or different and are each a hydrocarbon group, an alkoxy group or a hydrocaroon-sub- 
stituted silyi group, 

Ft 6 is a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyi group, an alkoxy group, a alkylthio 
group or a cyano group. 
so two or more of R 1 to R 6 may be bonded to each other to form a ring, 

when m is 2 or greater, two groups of the groups R 1 to R 6 may be bonded to each other, with the proviso that 
the groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M. and 
55 X is a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitrogen- 

containing group, a halogen-containing group or a silicon-containing group, and when n is 2 or greater, plural 
groups X may be the same or different and may be bonded to each other to form a ring. 
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In the formula (I! ha), m is preferably 2. 

The third olefin polymerization catalyst according to the present invention comprises: 

(A") a novel transition metal compound as described above, and 
5 (B) at least one compound selected from: 

(B-1) an organometaliic compound, 

(B-2) an organoaluminum oxy -compound, and 

(B-3) a compound which reacts with the transition metal compound (A) to form an ion pair 

10 

The third olefin polymerization catalyst according to the present invention may further comprise a carrier (C) in 
addition to the transition metal compound (A") and at least one compound (B) selected from the organometaliic com- 
pound (B-1), the organoaluminum cay-compound (B-2) and the compound (B-3) which reacts with the transition metal 
compound (A") to form an ion pair. 
is The third process for olefin polymerization comprises polymerizing or copolymerizing an olefin in the presence of 
the above-mentioned olefin polymerization catalyst 

The a-olef in/conjugated diene copolymer according to the present invention is an a-olefin/conjugated diene copol- 
ymer having a molecular weight distribution (Mw/Mn) ol not more than 3.5. a content of constituent units derived from 
an a-olef in in the range of 1 to 99.9 % by mol and a content of constituent units derived from a conjugated diene in the 
20 range of 99 to 0.1 % by mol. in which the polymer chain contains 1 ,2-cydopentane skeleton derived from the conju- 
gated diene in an amount of not more than 1 % by mol, and preferably the polymer chain does not substantially contain 
the 1 .2-cyclopentane skeleton. 

In the a-olefin/conjugated diene copolymer according to the invention, K is preferred that the content of the constit- 
uent units derived from Ihe a-olef in is in the range of 50 to 99.9 % by mol and the content of the constituent units derived 
25 from the conjugated diene is in the range of 50 to 0. 1 % by mol. 

In the a-olefin/conjugated diene copolymer according to the invention, it is preferred that the a-olefin is ethylene 
and/or propylene and the conjugated diene is butadiene and/or isoprene. 

BRIEF P5SCR1PTIQN OF THE PPAWINQS 

30 

Fig. 1 shows steps for preparing the first olefin polymerization catalyst according to the invention. 

Fig. 2 shows steps for preparing the second olefin polymerization catalyst according to the invention. 

Fig. 3 shows the structure of transition metal compound A-1 prepared in Synthesis Example 1 , which was deter- 
mined by X-ray structure analysis, 
as Ftg. 4 shows the structure of transition metal compound B-1 prepared in Synthesis Example 2, which was deter- 
mined by X-ray crystal structure analysis. 

PETAIIEP PESCRIPTION OF THE INVENTION 

40 The olefin polymerization catalyst of the present invention and the process for olef in polymerization using the cat- 
alyst are descrfoed in detail hereinafter. 

The meaning of the term "polymerisation" used herein is not limited to "homopolymerization" but may comprehend 
"copolymerization". Also, the meaning of the term "polymer" used herein is not limited to "homopolymer" but may com- 
prehend "copolymer". 

45 

First olefin polymerization catalyst 

The first olefin polymerization catalyst of the invention is formed from: 

so (A) a transition metal compound represented by the below-descrfoed formula (I), and 
(B) at least one compound selected from: 

(B-1) an organometaliic compound. 
(B-2) an organoaluminum coy-compound, and 
55 (B-3) a compound which reacts with the transition metal compound (A) to form an ion pair. 

First, the catalyst components for forming the olefin polymerization catalyst of the invention are described. 
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(A) Transition metal compound 

The transition metal compound (A) for use in the invention is a compound represented by the following formula (0- 



5 



10 



15 




so tn the formula (I), M is a transition metal atom of Group 3 to Group 1 1 of the periodic table (Group 3 includes lan- 
tanoids), preferably Groups 3 to 9 (Group 3 includes lantanoids), more preferably Group 3 to Group 5 and Group 9, and 
particularly preferably Groups 4 or 5. Specific Examples of transition metal atoms M include scandium, titanium, zirco- 
nium, hafnium, vanadium, niobium, tanthalum, cobalt rhodium, yttriumn, chromium, molybdenum, tungsten, man- 
gafese, rhenium, Iron and ruthenium. Of these, preferred are scandium, titanium, zirconium, hafnium, vanadium, 

25 niobium, tanthalum, cobalt and rhodium; more preferred are titanium, zirconium, hafnium, vanadium, niobium, tantha- 
lum. cobalt and rhodium; and particularly prefereed are titanium, zirconium and hafnium, 
m is an integer of 1 to 6, preferably 1 to 4. 

R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, a 
so sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or 
a tin-containing group, and two or more of them may be bonded to each other to form a ring. 

The halogen atom is fluorine, chlorine, bromine or iodine. 

Examples of the hydrocarbon groups include straight-chain or branched alkyt groups of 1 to 30. preferably 1 to 20 
carbon atoms, such as methyl, ethyl, n -propyl, isopropyl, n -butyl, isobutyl, sec-butyl, tert-butyl. neopentyl and n-hexyl; 

35 

straight-chain or branched alkenyl groups of 2 to 30. preferably 2 to 20 carbon atoms, such as vinyl, allyl and iso- 
propenyl; 

straight-chain or branched alkynyl groups of 2 to 30. preferably 2 to 20 carbon atoms, such as ethynyt and prapar- 

gyi; 

40 cyclic saturated hydrocarbon groups of 3 to 30, preferably 3 to 20 carbon atoms, such as cyclopropyl, cyctobutyl, 
cyclopentyi, cyclohexyi and adamantyl; 

cyclic unsaturated hydrocarbon groups of 5 to 30, preferably 5 to 20 carbon atoms, such as cyclop entadienyi, inde- 
nyl and f luorenyl; and 

aryl groups of 6 to 30. preferably 6 to 20 carbon atoms, such as phenyl, benzyl, naphthyl, biphenyl and terphenyl. 

45 

The hydrocarbon groups may be substituted with halogen atoms and for such examples halogenated hydrocarbon 
groups of 1 to 30, preferably 1 to 20 carbon atoms, such as trifluoromethyl, pentaf luorophenyl and cholophenyl may be 
mentioned. 

The hydrocarbon groups may also be substituted with other hydrocarbon groups and for such examples aryl -sub- 
so stftuted aikyl groups such as benzyl and cumyl may be mentioned. 

Further, the hydrocarbon groups may have heterocyclic compound residues; oxygen-containing groups such as 
alkcxy, aryl, ester, ether, acyl, carbaxyl, carbonate, hydroxy, peroxy and carboxylic acid anhydride groups; nitrogen-con- 
taining groups such as ammonium salts of amino, imino, amide, imide, hydrazine, hydrazono, nitro, nitroso, cyano, iso- 
cyano, cyanic acid ester, amidino and diazo groups; boron-containing groups such as borandiyt, borantriyl and 
55 diboranyl groups; sulfur-containing groups such as mercapto, thioester, dithioester, alkyfthio. aryrthio, thioacyl, 
thioether. thiocyanic acid ester, isothiocyanic acid ester, suHbn ester, sulfbn amide, thiocarboxyl. dithiocarboxyl. sulfo, 
sulfonyl, suHinyl and sulfenyl groups; phosphorus-containing groups such as phosphido, phosphoryl, tWophosphoryl 
and phosphato groups; silicon-containing groups; germanium-containing groups; and tin-containing groups. 
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Of these, particularly preferable are straight-chain or branched alkyl groups of 1 to 30. preferably 1 to 20 carbon 
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, Isobutyl. sec-butyl, tert-butyl, neopentyl and n-hexyl; aryl 
groups of 6 to 30, preferably 6 to 20 carbon atoms, such as phenyl, naphthyl, biphenyt, terphenyl, phenanthryl and 
antracenyl; and these aryl groups which are substituted with 1 to 5 substrtuents such as alkyl or arkoxy groups of 1 to 
30. preferably 1 to 20 carbon atoms, aryl or arytoxy groups of 6 to 30. preferably 6 to 20 carbon atoms. 

Examples of nitrogen-containing groups, boron-containing groups, sulfur-containing groups and phosphorus-con- 
taining groups are those exemplified above. 

Examples of the heterocyclic residues include those of nitrogen-containing compounds (e.g. , pyrrole, pyridine, pyri- 
midine, quindine and triazine). oxygen-containing compounds (e.g., fur an and pyran) and sulfur-containing compounds 
(e.g.. thiophene). and these heterocyclic residues, which are substituted with substrtuents such as alkyl or alkoxy 
groups of 1 to 20 carbon atoms. 

Examples of the silicon-containing groups include silyl, siloxy, rrydrocarbon-substrtuted silyl groups such as metrv 
ytsilyl. dimethylsilyl, trimethylsilyl. ethylsilyl. dtethylsilyt. triethylsilyl. diphenylmethyteilyl. triphenytsilyi. dimethylphenylsi- 
lyl, dimethyl-t-butylsilyl and dimethyl(pentafluor ophenyl)silyl, preferably methytsilyl. dimethylsilyl, trimethylsilyl. ethylsilyl, 
diethytsilyl. triethylsilyl and triphenylsilyl. particularly preferably trimethylsilyl, triethylsilyl, triphenylsilyl and dimethylphe- 
nylsilyl. and riydrocaroon-substituted siloxy groups such as trimethylsiloxy. 

The germanium-containing groups and the tin-containing groups include the above-mentioned silicon-containing 
groups in which silicon is replaced by germanium and tin, respectively. 

The more specific illustration on the above R 1 to R s is given below. 

Examples of the alkoxy groups include methaxy, ethoxy, n-propoxy, isopropaxy, n-butoxy, isobutaxy and tert-butoxy. 
Examples of the alkytthio groups include methytthio and ethytthio. 

Examples of the arytoxy groups include phenoxy, 2,6-dimethytphenaxy and 2,4,6-trimethytphencxy. 
Examples of the arytthio groups include phenyl thio, methylphenylthio and naphthylthia 
Examples of the acyl groups include formyl, acyl, benzoyl, p-chiorobenzoyl and p-methoxybenzoyl. 
Examples of the ester groups include acetyloxy, benzoyloxy, methoxycarbonyl, phenoxycarbonyl and p-chlorophe- 
noxycarbortyl. 

Examples of the thioester groups include acetytthio, benzoylthio, methyfthiocarbonyl and phenytthiocarbonyl. 
Examples of the amido groups include acetamido, N-melhylacetamido and N-metriylberuamida 
Examples of the imido groups include acetimido and benzimido. 

Examples of the amino groups include dimethyJamino, ethylmethylamino and dphenylarrrino. 
Examples of the imino groups include methylimino. ethylimino, propylimino. butylimino and phenylimino. 
Examples of the sulfonester groups include methylsulfonato, ethylsulfbnato and phenyteutfonato. 
Examples of the sulfonamide groups include phenylsulfonamido, N-methylsulfonamido and N-methyl-p-toluenesul- 
fonamido. 

R 6 is preferably a substituent other than hydrogen. That is, a hydrogen atom, a halogen atom, a hydrocarbon group, 
a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, 
a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or 
a tin-containing group, and two or more of them may be bonded to each other to form a ring. R 6 is particularly preferably 
a halogen atom, a hydrocarbon group, a heterocyclic compound residual group, a hydrocarbon-substituted silyl group, 
a hydrocarbon-substituted siloxy group, an alkoxy group, an alkytthio group, an arytoxy group, an arytthio group, an acyl 
group, an ester group, a thioester group, an amido group, an imido group, an amino group, an imino group, a sulfonester 
group, a suffonamido group, a cyano group, a nitro group or a hydroxy! group. 

Preferred examples of the hydrocarbon groups available as R 6 include straight-chain or branched alkyl groups of 1 
to 30, preferably 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl. n-butyl. isobutyl, sec-butyl, tert-butyl, 
neopentyl and n-hexyl; cydic saturated hydrocarbon groups of 3 to 30. preferably 3 to 20 carbon atoms, such as cydo- 
propanyl, cydobutanyl, cydopentanyl, cyctohexyt and adamantyl; aryl groups of 6 to 30, preferably 6 to 20 carbon 
atoms, such as phenyl, benzyl, naphthyl, biphenyl and terphenyl; and these groups which are substituted with substrt- 
uents such as alkyl or alkoxy groups of 1 to 30, preferably 1 to 20 carbon atoms, halogenated alkyl groups of 1 to 30. 
preferably 1 to 20 carbon atoms, an/ or alkoxy groups of 6 to 30, preferably 6 to 20 carbon atoms, halogen, cyano, nitro 
and hydroxy!. 

Preferred examples of the hydrocarbon-substituted silyl groups as R 6 indude methylsilyl. dimethylsilyl. trimethylsi- 
lyl, ethylsilyl. cSethylsilyl, triethylsilyl, diphenytmethylsilyl. triphenylsilyl. dimethyiphenylsilyl, dimethyM-butylsilyl and 
dimethyl(pentafluorophenyl)silyt. Particularly preferable are trimethylsilyl, triphenylsilyl, diphenylmethylsilyl, isophenyls- 
ilyl, dimethyiphenylsilyl, dimethyl-t-butylsilyl and dimetriyt(pefTtafluorophenyl)siryl. 

In the present invention. R 6 is a preferably selected from branched alkyl groups of 3 to 30, preferably 3 to 20 carbon 
atoms (e.g., isopropyl. isobutyl. sec-butyl and tert-butyl neopentyl), these alkyl groups which are substituted with aryl 
groups of 6 to 30, preferably 6 to 20 carbon atoms (e.g., cumyl), and cyclic saturated hydrocarbon groups of 3 to 30. 
preferably 3 to 20 carbon atoms (e.g.. adamantyl, cydopropyl, cydobutyl. cyclopentyl and cyclohexyl). 
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Also, preferable R 6 is an aryl group of 6 to 30, preferably 6 to 20 carbon atoms (e.g., phenyl, naphthyl, fluorenyl, 
anthranyl or phenanthryl) or a hydrocarbon-substituted sflyl group. 

Two or more of the groups R 1 to R 6 , preferably adjacent groups, may be bonded to each other to form an aliphatic 
ring, an aromatic ring or a hydrocarbon ring containing a hetero atom such as a nitrogen atom, and these rings may 
further have a substituent 

When m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the groups 
R 1 are not bonded to each other. R 1 s, R^ R^, Fr*s, R 5 s, or R^ may be the same as or different from each other. 

n is a number satisfying a valence of M, specifically an integer of 0 to 5, preferably 1 to 4, mroe preferably 1 to 3. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing 
group, a halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a germanium-contain- 
ing group or a tin-containing group, and when n is 2 or greater, plural groups X may be the same or different and may 
be bonded to each other to form a ring. 

Examples of the halogen atom include fluorine, chlorine, bromine and iodine. 

Examples of the hydrocarbon groups include those exemplified for R 1 to R 6 . Specifically, there can be mentioned, 
but not limited to. alkyl groups, such as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl. dodecyl and eicosyl; cydoalkyl 
groups of 3 to 30 carbon atoms, such as cyclopentyl, cycJohexyt, norbornyl and adamantyf; aikenyl groups, such as 
vinyl, propenyl and cyclohexenyi; arylalkyl groups, such as benzyl, phenyl ethyl and phenytpropyl; and aryl groups, such 
as phenyl, tolyl, dimethylphenyl, trimethytphenyl, ethytphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthryl 
and phenanthryl. 

These hydrocarbon groups include halogenated hydrocarbon groups, and more specifically at least one hydrogen 
of the hydrocarbon groups of 1 to 30 carbon atoms may be substituted with a halogen atom. 
Of these, preferable are those of 1 to 20 carbon atoms. 

Examples of the heterocyclic compound residues include those exemplified for R 1 to R 6 

Examples of the oxygen-containing groups include those exemplified for R 1 to R 6 . Specifically, there can be men- 
tioned, but not limited to, hydroxy!; alkoxy groups, such as methoxy, ethoxy, propoxy and butoxy; arytoxy groups, such 
as phenoxy. methytphenaxy, dimethytphenoxy and naphthoxy; arylalkoxy groups, such as phenylmethoxy and phe- 
nyl ethoxy; acetoxy groups; and carbonyl group 

Examples of the sulfur-containing groups include those exemplified for R 1 to R 6 . Specifically, there can be men- 
tioned, but not limited to. sulfonate groups, such as methyl sulfonates trifluoromethanesulfonato, phenylsulfonato. ben- 
zylsulfonato, p-toiuenesulfbnato, trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-chlorobenzenesultonato 
and pentafluorobenzenesuKonato; sulfinato groups, such as methylsuifinato, phenyl sutfinato, benzylsutfinato. p-tolue- 
nesulf inato, trimethylbenzenesulfinato and pentafluorobenzenesulfinato; alkytthio groups; and arytthio groups. 

Examples of the nitrogen-containing groups include those exemplified for R 1 to R 6 . Specifically, there can be men- 
tioned, but not limited to, amino group; alkytamino groups, such as methyl amino, dimethylamino; diethytamino; dipro- 
pylamino, dibutylamino and dicyclohexyl amino; arylamino groups and alkyl aryl ami no groups, such as phenylamino, 
diphenylamino, ditolylamino, dinaphthylamino and methylphenylamino. 

Examples of the boron-containing groups include BR4 groups (where R is a hydrogen, an aryl group which may 
have a substituent, a halogen, etc). 

Examples of the silicon-containing groups include those exemplified for R 1 to R 6 . Specifically, there can be men- 
tioned, but not limited to, hydrocarbon-substituted silyl groups, such as phenyisilyl, diphenytsilyl, trimethytsilyl, triethyts- 
ilyt, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, methylcfiphenylsilyl, tritolylsilyl and trinaphthylsilyl; hydrocarbon- 
substituted silylether groups, such as frimethylsilylether; silicon-substituted alkyl groups, such as trimethylsilylmethyt; 
and silicon-substituted aryl groups, such as trimethytsilylphenyl. 

Examples of the germanium-containing groups include those exemplified for R 1 to R 6 . Specif ically, there can be 
mentioned the above-mentioned silicon-containing groups in which silicon is replaced by germanium. 

Examples of the tin-containing groups include those exemplified for R 1 to R 6 . Specifically, there can be mentioned 
the above-mentioned silicon-containing groups in which silicon is replaced by tin. 

Examples of the halogen-containing groups include fluorine-containing groups, such as PF 6 and BF4; chlorine-con- 
taining groups, such as CJO4 and SbCI 6 ; and iodine-containing groups, such as I0 4 , but not limited thereto. 

Examples of the aluminium-containing groups include AR4 groups (where R is a hydrogen, an alkyl group, an aryl 
group which may have a substituent. a halogen atom, etc.). but not limited thereto. 

When n is 2 or greater, plural groups X may be the same or different and may be bonded to each other to form a 

ring. 

Transition metal compound (HQ 

The transition compound represented by the formula (I) is preferably a compound represented by the formula (l-a). 
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In the formula (l-a) , M is a transition metal atom of Group 3 to Group 1 1 of the periodic table. Examples of M include 
the above-mentioned transition metal atoms. 

m is an integer of 1 to 3, preferably 2. 
so R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residues, a hydrocarbon -substituted silyl group, a hydrocarbon-substituted siloxy group, an 
alkoxy group, an alkytthio group, an arytoxy group, an arytthio group, an acyt group, an ester group, a thioester group, 
an amido group, an imido group, an amino group, an irrtino group, a suHonester group, a sultonamido group, a cyano 
group, a nitro group, a caroboxyt group, a suKO group, a mercapto group or a hydroxyl group, and two or more of them 
25 may be bonded to each other to form a ring. Examples of R 1 to R 6 include those descnbed above. 

When m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the groups 
R 1 are not bonded to each other. 

n is a number satisfying a valence of M. specifically an integer of 0 to 5, preferably 1 to 4, more preferably 1 to 3. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a nitrogen-containing 
30 group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, 
a germanium-containing group or a tin-containing group. Examples of X include those described above. 

When n is 2 or greater, plural groups X may be the same or different and may be bonded to each other to form a 

ring. 

The transition metal compound represented by the formula (I) is preferably a compound represented by the foltow- 
35 ing formula (l-a-1). 




In the formula (l-a-1), R 1 to R 6 . M and X have the same meanings as mentioned above, and are preferably those 
described below. 

M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, preferably of Group 3 to Group 5 and 
Group 9. e.g., scandium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, cobalt or rhodium, more prefera- 
55 bty titanium, zirconium, hafnium, cobalt or rhodium, particularly preferably titanium, zirconium or hafnium, 
m is an integer of 1 to 3. 

R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residues, a hydrocarbon -substituted silyl group, a hydrocarbon-substituted siloxy group, an 
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alkoxy group, an alkylthio group, an aryloxy group, an arytthio group, a thioester group, an ester group, an acyl group, 
an amido group, an imido group, an amino group, an imino group, a sulfonester group, a sulfonamide) group, a cyano 
group, a nitro group or a hydroxy! group. Of these, particularly preferable is a hydrogen atom, a halogen atom, a hydro- 
carbon-substituted silyl group, an alkoxy group, an aryloxy group, an ester group, an amido group, an amino group, a 
su Hon ami do group, a cyano group or a nitro group 

Examples of the halogen atom include fluorine, chlorine, bromine and iodine. 

Examples of the hydrocarbon groups include straight-chain or branched alkyf groups of 1 to 20 carbon atoms, such 
as methyl, ethyl, n -propyl, isopropyl, n -butyl, isobutyl, sec-butyl, tert -butyl, perrtyl and hexyl; straight-chain or branched 
alkenyl groups of 2 to 20 carbon atoms, such as vinyl, allyl and isopropenyl; straight-chain or branched alkynyt groups 
of 2 to 20 carbon atoms, such as ethynyt and propargyl; cyclic saturated hydrocarbon groups of 3 to 20 carbon atoms, 
such as cyclopropyt, cydobutyl, cydopentyi. cyclohexyl and adamantyt; aryl groups of 6 to 20 carbon atoms, such as 
phenyl, benzyl, naphthyl, biphenylyl and triphenytyl; cyclic unsaturated hydrocarbon groups of 5 to 20 carbon atoms, 
such as cyclopentadienyl, indenyl and ftuorenyl; and these groups which are substituted with substituents such as alkyl 
groups of 1 to 20 carbon atoms, halogenated alkyl groups of 1 to 20 carbon atoms, aryl groups of 6 to 20 carbon atoms, 
alkoxy groups of 1 to 20 carbon atoms, aryloxy groups of 6 to 20 carbon atoms, halogen, cyano, nitro and nydroxyl. Of 
these, particularly preferable are straight-chain or branched alkyl groups of 1 to 20 carbon atoms, such as methyl, ethyl, 
n -propyl, isopropyl, n -butyl, isobutyl, sec-butyl, tert-butyl, perrtyl and hexyl; aryl groups of 6 to 20 carbon atoms, such as 
phenyl and naphthyl; and these aryl groups which are substituted with 1 to 5 substituents such as alkyl groups of 1 to 
20 carbon atoms, aryl groups of 6 to 20 carbon atoms, alkoxy groups of 1 to 20 carbon atoms and aryloxy groups of 6 
to 20 carbon atoms. 

Examples of the heterocyclic residues include residues of nitrogen-containing compounds (e.g.. pyrrole, pyridine 
pyrimidine, quinoline and trial ine), oxygen-containing compounds (e.g., furan and pyran) and sulfur-containing com- 
pounds (e.g., thiophene), and these heterocyclic residues which are substituted with substituents such as alkyl groups 
and alkoxy groups to 1 to 20 carton atoms. 

Examples of the riydrocarbon-substituted sDyt groups include methylsilyl. dimethytsiiyl, trim ethyl silyl, ethylsityi, 
diethytsiryl, triethylsilyl, diphenylmethylsilyl, triphenyteilyl, dimethytphenylsilyl, dimethyl-t-butylsilyl and dimethyl(pen- 
tafruoropnenyQsilyt. Of these, particularly preferable are methylsilyl, dimethytsiiyl, trimethylsityl. ethylsityi, diethylsilyl, tri- 
ethylsilyl and triphenylsilyl. 

Examples of the hydrocarbon-substituted siloxy groups include trimethylsiloxy. 

Examples of the alkoxy groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy and tert-butoxy. 
Examples of the alkylthio groups include methylthio and ethytthia 

Examples of the aryloxy groups include phenoxy, 2,6-dimetnylphenoxy and 2,4,6-trimethytphenoxy. 
Examples of the arytthio groups include phenylthio. methylphenylthio and naprrthyrthia 
Examples of the acyl groups include formyl, acetyl, benzoyl, p-chlorobenzoyl and p-methoxybenzoyl. 
Examples of the ester groups include acetyloxy, benzoyloxy. methoxycarbonyl, phenoxycarbonyl and p-chlorophe- 
noxycarbonyl. 

Examples of the thioester groups include acetyfthio, benzoytthb, methylthiocarbonyl and phenytthiccarbonyt. 
Examples of the amido groups include acetamido, N-methylacetamido and N-methylbenzamido. 
Examples of the imido groups include acetimido and benzimido. 

Examples of the amino groups include dimethylamino, ethyl methytarnino and dip henyl amino. 
Examples of the imino groups include methylimino, ethylimino. propylimino, butylimino and phenylimino 
Examples of the sulfonester groups include metriytsurfonato, ethytsulfonato and phenylsuHbnato. 
Examples of the sulfonamido groups include phenytsuffbnamido, N-methylsulfonamido and N-methyl-p-toluenesul- 
fonamido 

R 6 is preferably a substituent other than hydrogen. That is. R 6 is preferably a halogen atom, a hydrocarbon group, 
a heterocyclic compound residues, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an 
alkoxy group, an alkylthio group, an aryloxy group, an arylthio group, an acyl group, an ester group, a thioester group, 
an amido group, an imido group, an amino group, an imino group, a sulfonester group, a sulfonamido group, a cyano 
group, a nitro group or a hydraxyl group. 

Preferred examples of the hydrocarbon groups as R 6 include straight-chain or branched alkyl groups of 1 to 20 car- 
bon atoms, such as methyl, ethyl, n-propyi. isopropyl, n -butyl, isobutyl, sec-butyl, tert-butyl. perrtyl and hexyl; cyclic sat- 
urated hydrocarbon groups of 3 to 20 carbon atoms, such as cyclopropyt, cyclobutnyl, cydopentyi. cyclohexyl and 
adamantyl; aryl groups of 6 to 20 carbon atoms, such as phenyl, benzyl, naphthyl. biphenylyl and triphenytyl; andthese 
groups which are substituted with substituents such as alkyl groups of 1 to 20 carbon atoms, halogenated alkyl groups 
of 1 to 20 carbon atoms, aryl groups of 6 to 20 carbon atoms, alkoxy groups of 1 to 20 carbon atoms, aryloxy groups of 
6 to 20 carbon atoms, halogen, cyano, nitro and nydroxyl. 

Preferred examples of the hydrocarbon-substituted silyl groups as R 6 include methylsilyl, dimethylsilyl, trimethyf si- 
lyl, ethylsityi, diethylsilyl. triethylsilyl. diphenylmethylsilyl triphenylsilyl, dimethytphenylsilyl, dimethyl-t-butylsilyl and 
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dimethy1(pentenuofophenyl)silyl. 

In the present invention. R 6 is preferably selected from branched aJkyl groups of 3 to 20 carbon atoms (e.g.. isopro- 
pyl, isobutyl, sec-butyl and tert-butyl), these alkyt groups which are substituted with aryl groups of 6 to 20 carbon atoms 
(e.g., cumyl), and cyclic saturated-hydrocarbon groups of 3 to 20 carbon atoms (eg., adamantyl. cydopropyl, 
cyclobutyl. cydopentyl and cyclohexyl). Also, preferable R 6 is a hydrocarbon-substituted silyl group. 

Two or more groups R 1 to R 6 , preferably adjacent groups, may be bonded to each other to form an aliphatic ring, 
an aromatic ring or a hydrocarbon ring containing a hetero atom such as a nitrogen atom, and these rings may further 
have a substHuertt. 

When m is 2 or greater, two of the the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
groups R 1 are not bonded to each other. RV R*s, R 3 s, R^ R 5 * or R 6 s may be the same as or different from each 
other. 

n is a number satisfying a valence of M, specifically an integer of 1 to 3. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing group, and 
when n is 2 or greater, plural groups X may be the same or different 

Examples of the he halogen atoms include fluorine, chlorine, bromine and iodine. 

Examples of the hydrocarbon groups of 1 to 20 carbon atoms include alkyl groups, cydoalkyl groups, alkenyl 
groups, arylalkyl groups and aryl groups. Specifically, there can be mentioned alkyl groups, such as methyl, ethyl, pro- 
pyl, butyl, hexyl, octyl, nonyl, dodecyt and eicosyl; cydoalkyl groups, such as cydopentyl. cyclohexyl, norbornyl and 
adamantyl; alkenyl groups, such as vinyl, property! and cydohexenvt; arylalkyl groups, such as benzyl, phenylethyl and 
phenytpropyl; and aryl groups, such as phenyl, tdyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl. biphe- 
nyl, naphthyl, methylnaphthyl, artthryl and phenanthryl. 

Examples of the halogenated hydrocarbon groups of 1 to 20 carbon atoms include the above-mentioned hydrocar- 
bon groups of 1 to 20 carbon atoms which are substituted with halogens. 

Examples of the oxygen-containing groups include hydroxy!; alkoxy groups, such as methoxy, ethoxy, prcpoxy and 
butaxy; aryloxy groups, such as phenoxy, methytphenoxy, dimethyiphenoxy and naphthoxy; and arytalkoxy groups, 
such as phenylmethoxy and phenyl ethoxy. 

Examples of the sultUr-containing groups indude the above-exemplified oxygen-containing groups in which oxygen 
is replaced with sulfur; sulfonato groups, such as methytsuttonato, trrHuoromethanesuttonato, phenylsuHbnato, benzyl- 
surtonato, p-toluenesulfonato. trimethytbenzenesurfonato, triisobutylbenzenesulfbnato. p-chlorobenzenesulfonato and 
pentafluorobensenesuMOnato; and sulfinato groups, such as methylsulfinato, phenylsuHinato, benzylsulfinato, p-tolue- 
nesulf inato, trimethylbenzenesutf inato and pentaf luorobenzenesulfinato. 

Examples of the silicon-containing groups include rnonohyo^ocarbon-substituted silyl groups, such as methyl silyl 
and phenyl silyl; di hydrocarbon-substituted silyl groups, such as dimethytsilyl and diphenylsilyl; trihydrccarbon-substi- 
tuted silyl groups, such as trimethylsilyl, triethyteiryl, tripropylsilyl, tricyclohexylsilyl. triphenylsilyl, dimethylphenylsilyl, 
methyldiphenylsilyl, tritorylsilyl and trinaphthylsilyl; silyl ether groups of hydrocarbon-substituted silyl, such as trimethyl- 
silyl ether; silicon-substituted alkyl groups, such as trimethytsilylmethyl; and silicon-substituted aryl groups, such as tri- 
methytsilylphenyt. 

Of these, preferable groups X are halogen atoms, hydrocarbon atoms of 1 to 20 carbon atoms and sulfonato 
groups. 

When n is 2 or greater, groups X may be bonded to each other to form a ring. 

Of the transition metal compounds represented by the formula (l-a-1 ), the compound wherein m is 2 and two of the 
groups R 1 to R 6 (except tor the groups R 1 ) are bonded to each other is, for example, a compound represented by the 
following formula (l-a-2). 
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In the formula (l-a-2), M, R 1 to R 6 , and X are identical with M, R 1 to R 6 , and X in the formula (I). 

20 R 1 to R 16 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, a hydrocarbon- substituted silyt group, a hydrocarbon-substituted stloxy group, an 
alkoxy group, an alkytthio group, an aryloxy group, an arytthio group, an acyl group, an ester group, a thioester group, 
an amido group, an inrtido group, an amino group, an imino group, a sulfonester group, a sultonamido group, a cyano 
group or a nitro group, specifically, the same atom or group as described for R 1 to R 6 . Two or more of groups R 1 to R 16 , 

25 preferably adjacent groups, may be bonded to each other to form an aliphatic ring, an aromatic ring or a hydrocarbon 
ring containing a hetero atom such as a nitrogen atom. 

r is a bonding group or a single bond for bonding at least one group selected from R 1 to R 6 to at least one group 
selected from R 1 1 to R 16 (except a case of bonding R 1 and R 1 1 to each other). 

The bonding group V is a group containing at least one element selected from among oxygen, sulfur, carbon, nitro- 

30 gen, phosphorus, silicon, selenium, tin, boron and the like. Examples of such groups include groups containing chalco- 
gen atoms such as -O-, -S- and -So-; nitrogen- or phosphorus-containing groups, such as -NH-, -N(CH3) 2 , -PH- and - 
P(CH3) 2 -; hydrocarbon groups of 1 to 20 carbon atoms, such as -CH 2 -, -Chfe-OV and 'C(CH^ Z '', residues of cyclic 
unsaturated hydrocarbons of 6 to 20 carbon atoms, such as benzene, naphthalene and anthracene; residues of hete- 
rocyclic compounds having 3 to 20 carbon atoms and containing hetero atoms, such as pyridine, quinoline, thtophene 

35 and furan; silicon atom-containing groups, such as -SirV and -SiCCH^; tin atom-containing groups, such as -Snhfe- 
and -SnfCtfefe; and boron atom-containing groups, such as -BH-, -B(CH3)- and -BF-. 

Examples of the transition metal compounds represented by the formula (l-a-1) are given below, but are not limited 
thereto. 

In the following examples, M is a transition metallic element, and specifically represents, but not limited to, Sc(lll), 
40 Tl(lll), Ti(IV), Zr(lll), Zr(IV). Hf(IV). V(IV), Nb(V). Ta(V), Co(ll). Co(lll). Rh(ll). Ph(lll). Ph(IV). Of these, particularly pref- 
erable is T.(IV), Zr(IV) or Hf(IV). 

X is halogen such as a or Br. or an alkyl group such as methyl, but not limited thereto. When plural X are present, 
they may be the same or different. 

n depends on a valence of the metal M. For example, when two monoanion species are bonded to the metal, n = 
45 0 in case of a divalent metal, n = 1 in case of a trivalent metal, n = 2 in case of a tetravalent metal, and n = 3 in case of 
a pentavalent metal. More specifically, there can be mentioned n » 2 In case of Ti(tV). n = 2 in case of Zr(IV), and n ■ 2 
in case of Hf(IV). 
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In the olefin polymerization catalyst according to the invention, it is particularly preferable to use a novel transition 
metal compound of the formula (III), which will be described in detail below, as the catalyst component (A*). 

Transition metal compound (l-fr) 

Also employable as the transition metal compound (A) in the invention is a transition metal compound represented 
by the following formula (l-b). 



EP0874 0G5A1 




In the formula (l-b), M is a transition meta! atom of Group 3 to Group 11 of the periodic table, preferably of Group 4 
or Group 9, and particularly preferably, titanium, zirconium, hafnium, cobalt or rhodium, 
m is an integer of 1 to 6, preferably 1 to 4. 

R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
hydrocarbon-substituted sityt group, an alkoxy group, an aryloxy group, an ester group, an amido group, an amino 
group, a suffonamido group, a cyano group or a nitro group. 

Of these, particularly preferable is a halogen atom, a hydrocarbon group, a hydrocarbon-substituted sir/1 group, an 
alkoxy group, an aryloxy group, an ester group, an amido group, an amino group, a suffonamido group, a cyano group 
or a nitro group. 

Examples of the groups R 1 to R 6 are those exemplified for the transition metal compounds of the formulae (I) and 
fl-a). 

When m is 2 or greater, two or more groups R 1 to R 6 , preferably adjacent groups, may be bonded to each other to 
form a ring, with the proviso that the groups R 1 are not bonded to each other. 

Examples of the transition metal compounds represented by the formula (l-b) are given below, but not limited 
thereto 
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In the present invention, transition metal compounds wherein cobalt is replaced with titanium, zirconium, hafnium, 
iron, copper or rhodium in the above-exemplified compounds are also employable. 

The transition metal compounds (A) mentioned above are used singly or in combination of two or more kinds, and 
they can be used in combination with other transition metal compounds, for example known transition metal compounds 
so comprising a ligand which has a hetero atom such as nitrogen, oxygen, sulfur, boron or phosphorus. 



Some examples of the other transition metal compounds are given below, but the compounds are not limited those 
55 examples. 

(a-1) Transition metal imide compound (l-c) 
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(I-c) 



tn the above formula, M is a transition metal atom of Group 8 to Group 10 of the periodic table, preferably nickel, 
palladium or platinum 

R 21 to R 24 may be the same a different, and are each a hydrocarbon group of 1 to 50 carbon atoms, a halogenated 
hydrocarbon group of 1 to 50 carbon atoms, a hydrocarbon -eubstituted silyl group, or a hydrocarbon group substituted 
with a substJtuent containing at least one element selected from nitrogen, oxygen, phosphorus, sulfur and silicon. 

Two or more groups, preferably adjacent groups, of R 21 to R 24 may be bonded to each other to form a ring. 

q is an integer of 0 to 4. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sutfur-containing group, a silicon-containing group or 
nitrogen-containing group, and when q is 2 or greater, plural groups X may be the same or different. 

(a-2) Transition metal amide compound (l-d) 

R* 

).. 

((Em)A) a MXp 
i 

R" (i-d) 



In the above formula, M is a transition metal atom of Group 3 to Group 6 of the periodic table, preferably titanium, 
40 zirconium or hafnium. 

R" and R" may be the same or different and are each a hydrogen atom, a hydrocarbon group of 1 to 50 carbon 
atoms, a halogenated hydrocarbon group of 1 to 50 carbon atoms, a hydrocarbon-substituted silyl group, or a substrtu- 
ent containing at least one element selected from nitrogen, oxygen, phosphorus, sutfur and silicon. 

m is an integer of 0 to 2. 
45 n is an integer of 1 to 5. 

A is an atom of Group 13 to Group 16 of the periodic table, specifically boron, carbon, nitrogen, oxygen, silicon, 
phosphorus, sulfur, germanium, selenium, tin or the like, preferably carbon or silicon. 

When n is 2 or greater, plural atoms A may be the same or different. 

E is a substrtuent containing at least one element selected from carbon, hydrogen, oxygen, halogen, nitrogen, sul- 
50 fur, phosphorus, boron and silicon. When plural groups E are present, they may be the same or different, and two or 
more groups E may be bonded to form a ring, 
p is an integer of 0 to 4. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group or 
55 nitrogen-containing group. When p is 2 or greater, plural groups X may be the same or different 

X is preferably a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a sulfonate group. 
(a-3) Transition metal diphenoxy compound (i-e) 
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In the above formula, M is a transition metal atom of Group 3 to Grotp 1 1 of the periodic table; 1 and m are each 
an integer of 0 or 1 ; A and A* are each a hydrocarbon group of 1 to 50 carbon atoms, a halogenated hydrocarbon group 
of 1 to 50 carbon atoms, a hydrocarbon group having a substituent containing oxygen, sulfur or silicon, or a halogenated 
is hydrocarbon group having a substituent containing oxygen, sulfur or silicon; and A and A 1 may be the same or different. 
B is a hydrocarbon group of 0 to 50 carbon atoms, a halogenated hydrocarbon group of 1 to 50 carbon atoms, 
R 1 R 2 Z, oxygen or sulfur, where R 1 and R 2 are each a hydrocarbon group of 1 to 20 carbon atoms or a hydrocarbon 
group having 1 to 20 carbon atoms and containing at least one hetero atom, and Z is carbon, nitrogen, sulfur, phospho- 
rus or silicon. 
so n is a number satisfying a valence of M. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group or 
nitrogen-containing group, and when n is 2 or greater, plural groups X may the same or different and may be bonded to 
form a ring. 

25 (a-4) Transition metal compound (l-f) containing at least one hetero atom and containing a ligand having cydopen- 
tadienyl skeleton 




(I-f) 



40 



In the above formula, M is a transition metal atom of Group 3 to Group 11 of the periodic table. X is an atom of 
Group 13, Group 14 or Group 15, and at least one of X contains an element other than carbon. 

Each R may be the same or different and is a hydrogen atom, a halogen atom, a hydrocarbon group, a halogen- 
45 ated hydrocarbon group, a hydrocarbon-substituted silyl group or a hydrocarbon group substituted with a substituent 
containing at least one element selected from nitrogen, oxygen, phosphorus, sulfur and silicon. Two or more of R may 
be bonded to form a ring, and a is 0 or 1 . 

b is an integer of 1 to 4, when b is a number of 2 or greater, the moieties (((RWsXs] may be the same or different, 
and the groups R may be bonded to form a bridge, 
so c is a number satisfying a valence of M. 

Y is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, or 
nitrogen-containing group. When c is a number of 2 or greater, plural groups Y may be the same or different and may 
be bonded to form a ring. 

55 

(a-5) Transition metal compound represented by the formula RB(Pz) 3 MX n 

In the above formula, M is a transition metal atom of Group 3 to Group 1 1 of the periodic table; R is a hydrogen 
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atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms; and 
Pz is a pyrazofyl o/oup or a substituted pyrazofyl group, 
n is a number satisfying a valence of M. 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen 'Containing group, a sulfur-containing group, a silicon-containing group or 
nitrogen-containing group, and when n is a number of 2 or greater, plural groups X may be the same or different and 
may be bonded to form a ring. 

(a-6) Transition metal compound represented by the following formula (l-g) 



In the above formula. Y 1 and Y 3 are each an element of Group 15 of the periodic table; Y 2 is an element of Group 
1 6 of the periodic table; and R 21 to R 28 may be the same or different they are each a hydrogen atom, a halogen atom, 
a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 
containing group, a sulfur-containing group or a silicon-containing group, and two or more of them may be bonded to 
form a ring. 

(a-7) Transition metal compound comprising a compound represented by the following formula (l-h) and a transition 
metal atom of Group VIII 



In the above formula. R 31 to R 34 may be the same or different, they are each a hydrogen atom, a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms, and two or 
more ol them may be bonded to form a ring. 

(a-8) Transition metal compound represented by the following formula (1-0 



R 23 R 24 




(l-g) 




(I-h) 




<r-i> 



In the above formula. Mis a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
m is an integer of 0 to 3. 
n is an integer of 0 or 1. 
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p is an integer of 1 to 3. 

q is a number satisfying a valence of M. 

R 41 to R 48 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group of 
1 to 20 carbon atoms or a haiogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sul- 
fur-containing group, a silicon -containing group or nitrogen-containing group, and two or more of them may be bonded 
to form a ring. 

X is a hydrogen atom, a hologen atom, a hydrocarbon group of 1 to 20 carbon atoms, a haiogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group or a 
nitrogen-containing group, and when q is 2 or greater, plural X may be the same or different and may be bonded to each 
other to form a ring. 

Y is a group bridging the borate benzen ring, and Y is carbon, silicon or germanium. 
A is an element of Group 14, Group 15 or Group 16 of the periodic table. 

(B-1) Qroanometallic compound 

As the organometallic compound (B-1), the below-described organometallic compounds of metals of Group 1, 
Group 2, Group 1 2 and Group 13 of the periodic table are employable in the invention. 
(B-1 a) Organoaluminum compound represented by the following formula: 

R^OR^HpX, 

wherein R* and R* may be the same or different, and are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 
a hydrocarbon group of 1 to 4 carbon atoms; X is a halogen atom; and m, n, p and q are numbers satisfying the condi- 
tions of 0<m£3, 0£n<3. 0^p<3, 0sq<3 and m+n+p+q = 3 . 

(B-1b) Alkyl complex compound of Group 1 metal and aluminum, that is represented by the following formula: 

M 2 AIR% 

wherein M 2 is Li, Ma or K; and R a is a hydrocarbon group of 1 to 15 carbon atoms, preferably a hydrocarbon group of 1 
to 4 carbon atoms. 

{B- 1c) Dialkyl compound of Group 2 metal or Group 12 metal, that is represented by the following formula: 

f^R*^ 3 

wherein R ft and R b may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 
a hydrocarbon group of 1 to 4 carbon atoms; and M 3 is Mg, Zn or Cd. 

Examples of the organoaluminum compounds (B-1 a) include the following compounds. 

Organoaluminum compound represented by the following formula: 

RV^ORVm 

wherein R a and R b may be the same or different, and are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 
a hydrocarbon group of 1 to 4 carbon atoms; and m is preferably a number satisfying the condition of 1 .5*ms3. 
Organoaluminum compound represented by the following formula: 

RVUXs-n, 

wherein R* is a hydrocarbon group of 1 to 15 carbon atoms, preferably a hydrocarbon group of 1 to 4 carbon atoms; X 
is a halogen atom; and m is preferably a number satisfying the condition of 0<m<3. 
Organoaluminum compound represented by the following formula: 

R ft mAIH3- m 

wherein R* is a hydrocarbon group of 1 to 15 carbon atoms, preferably a hydrocarbon group of 1 to 4 carbon atoms; 
and m is preferably a number satisfying the condition of 2£m<3. 

Organoaluminum compound represented by the following formula: 



R- m AI(OR b ) fl X q 
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wherein R* and may be the same or different, and are each a hydrocarbon group of 1 to 1 5 carbon atoms, preferably 
a hydrocarbon group of 1 to 4 carbon atoms: X is a halogen atom; and m, n and q are numbers satisfying the conditions 
of 0<X<3. <KX<3, 0£q<3 and m+n+q-3. 

Particular examples of the organoaluminum compounds (B-1a) include: 

trhn-alkytalurrinums, such as trimethytaluminum. triethylaluminum, tri-n-butylaluminum, tripropylaiuminum, trip- 
entylaluminum. trihexylaluminum, trioctylalumirtum and tridecytaJuminum; 

branched-chain trial KylaJuminums, such as triisopropyl aluminum, tritsobutylaluminum, tri-sec-butylaJuminum, tri- 
tert-butytaluminum, tri-2-methylbutytaluminum, tii-3-methytbutyt aluminum tri-2*methytpenty1aJunrtinum, tri-3-methyl- 
pentytaluminum, tri-4-methytperrtyl aluminum, tri-2-methylhexylaluminum, tri-3-methylhexylaluminum and tri-2- 
ethythexylaluminum; 

tricydoalkylaluminums, such as tricyclohexyi aluminum and tricydooctyl aluminum; 
triarytaluminums, such as triphenytaluminum and tritolylaiuminum; 
dialkylaluminum hydrides, such as diisobutylaluminum hydride: 

trialkenylaluminurns represented by the formula (t-C 4 H g ) x AI y (C s H 10 ) z (wherein x, y and z are positive numbers, and 
z22x), such as isoprenyi aluminum; 

alkylaluminum alkoxides, such as isobutytaluminum methoxide, isobutyl aluminum ethcodde and isobutylatuminum 
isopropoxide; 

dialkylaluminum alkoxides, such as dimethylaluminum methoxide, diethytatuminum ethoxide and dibutylaluminum 
butoxide; 

abrylalumlnum sesquialkoxides, such as ethylaluminum sesquiethoxtde and butytaluminum sesquibutoxide; 

partially alkoxylated alKylaluminums having an average composition represented by RVsAKOFtVs: 

dialkylaluminum arytaxides, such as di ethylaluminum phenoxide diethylaJuminum(2.6-cM-buty 

ide). etrr/taluminurrt)is(2,6-di-t-buty^ disobiitylalumium(2 ( 6-di-t*^ and 

isofoJtytaluminumbis(2.6-di-^ 

dialkylaluminum halides, such as dimethylaluminum chloride, diethytatuminum chloride, dbutylaluminum chloride, 
diethylaiuminum bromide and diisobutylaluminum chloride; 

alkylaluminum sesquihalides, such as ethylaluminum sesquichloride, butyfaJurrrinum sesquichloride and ethylalu- 
minum sesquibromide. 

partially halogenated alkylaluminums, such as ethylaluminum cfichloride, propylaluminum dichloride and butyl alu- 
minum dibromide; 

dialkylaluminum hydrides, such as diethylaiuminum hydride and dibutylaluminum hydride; 
partially hydrogenated alkylaluminums, e.g., alkylaluminum dihydrides, such as ethylaluminum dihydride and pro- 
pylaluminum cfihydride; and 

partially alkoxylated and halogenated alkylaluminums, such as ethylaluminum ethoxychloride, butylaluminum 
butoxychloride and ethylaluminum ethoxybromide. 

Also employable are compounds analogous to the organoaluminum compound (B-1a). For example, there can be 
mentioned organoaluminum compounds wherein two or more aluminum compounds are combined through a nitrogen 
atom, such as (CaHsfeAIN^HgJAKCgHsfc. 

Examples of the organoaluminum compounds (B-1b) include LiAlfC^HsJd and LiAI(C7H 15 ) 4 . 

Further, other compounds such as methyllithium, ethyllithium. propyllithlum, butytlithium, methylmagnesium bro- 
mide, methylmagnesium chloride, ethylmagnesium bromide, ethylmagnesium chloride, propyl magnesium bromide, pro- 
pylmagnesium chloride, butytmagnesium bromide, butyl magnesium chloride, dimethylmagnesium, diethyl magnesium, 
dfoutylmagnesium and butyl ethyl magnesium are also employable as the organometallic compounds (B-1). 

Furthermore, combinations of compounds capable of producing the above-mentioned organoaluminum com- 
pounds in the polymerization system, e.g., a combination of halogenated aluminum and alkyllithium and a combination 
of halogenated aluminum and alkyimagnesium, are also employable. 

Of the organometallic compounds (B-1) mentioned above, the organoaluminum compounds are preferable. 

The organometallic compounds (B-1) can be used singly or in combination of two or more kinds. 

(frg) Organoaluminum oxy-compound 

The organoaluminum oxy-compound (B-2) for use in the invention may be conventional aluminoxane or a benzene- 
insoluble organoaluminum oxy-compound exemplified in Japanese Patent Laid-Open Publication No. 78687/1990. 

The conventional aluminoxane can be prepared by, for example, the following processes, and is generally obtained 
as a hydrocarbon solvent solution. 
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(1) An organoaluminum compound such as trialkyl aluminum is added to a hydrocarbon medium suspension ol a 
compound containing adsorbed water or a salt containing water of crystallization, e.g., magnesium chloride 
hyoVate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, to allow 
the organoaluminum compound to react with the adsorbed water or the water of crystallization. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkytaluminum 
in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) An organotin oxide such as dimethyltin oxide or dibutyftin oxide is allowed to react with an organoaluminum 
compound such as trialkytaluminum in a medium such as decane, benzene or toluene 

The aluminoxane may contain a small amount of an organometallic component Further, it is possible that the sol- 
vent or the un reacted organoaluminum compound is distilled off from the recovered solution of aluminoxane and the 
remainder is redissolved in a solvent or suspended in a poor solvent for aluminoxane 

Examples of the organoaluminum compounds used for preparing the aluminoxane include the same organoalumi- 
num compounds as described tor the organoaluminum compound (B-1a). 

Of these, preferable are trialkylalurninums and tricydoalkytaluminums. Particularly preferable is trimethylaluminum. 

The organoaluminum compounds can be used singly or in combination of two or more kinds. 

Examples of the solvents used for preparing the aluminoxane include aromatic hydrocarbons, such as benzene, 
toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane. hexane, heptane octane, decane. 
dodecane, hexadecane and octadecane; alicydic hydrocarbons, such as cydopentane, cyclohexane, cydooctane and 
rnethytcydopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and hafides of these aromatic, 
aliphatic and alicydic hydrocaibons, particularly chlorides and bromides thereof. Also employable are ethers such as 
ethyl ether and tetrahydrofuran. Of the solvents, particularly preferable are aromatic hydrocarbons and aliphatic hydro- 
carbons. 

In the benzene-insoluble organoaluminum oxy -compound for use in the invention, the content of Al component 
which is soluble in benzene at GO °C is usually not more than 10 %. preferably not more than 5 %, particularly preferably 
not more than 2 %, in terms of Al atom, and the benzene-insoluble organoaluminum oxy-compound is insoluble or spar- 
ingly soluble in benzene. 

The organoaluminum oxy-compound employable in the invention is. for example, an organoaluminum oxy-com- 
pound containing boron and represented by the following formula (IV): 

R is R n l8 

\ I / 

Al- O-B-O- Al 
/ \ 
R 18 R 18 (IV) 
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wherein R 1 7 is a hydrocarbon group of 1 to 10 carbon atoms; and each R 1 8 may be the same or different and is a hydro- 
gen atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon atoms. 

The organoaluminum compound containing boron and represented by the formula (IV) can be prepared by causing 
45 an alkylboronic acid represented by the following formula (V) to react with an organoaluminum compound in an inert 
solvent under an inert gas atmosphere at a temperature of -80 °C to room temperature for 1 minute to 24 hours. 

R 17 -B-(OH)2 (V) 

so wherein R 1 7 is the same group as described above. 

Examples of the alkylboronic acids represented by the formula (V) indude methylboronic acid, ethylboronic acid, 
isopropylboronic acid, n-propylboronic acid, n-butylboronic add, isobutyiboronic add. n-hexylboronic acid, cyclohexyl- 
boronic add, phenyboronic acid, 3,5-difruoroboronic acid, pentafluorophenylboronic acid and 3.5-tas(tnfluorome- 
thyOphenylboronic acid. Of these, preferable are methylboronic acid, n-butylboronic add, isobutyiboronic add, 3,5- 

55 dif luorophenyboronic add and pentafluorophenylboronic acid. The alkylboronic adds are used singly or in combination 
of two or more kinds. 

Examples of the organoaluminum compounds to be reacted with the alkylboronic acid indude the same organoa- 
luminum compounds as described for the organoaluminum compound (B-1a). 
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Of these, preferable are trialkyialuminums and tricycloalkylaluminums. Particularly preferable are trimethytalumi- 
num, trlethylaluminum and triisobutyl aluminum. The organoaJuminum compounds can be used singly or in combination 
of two or more Kinds. 

The organoaJuminum oxy -compounds (B-2) mentioned above are used singly or in combination of two or more 
kinds 

f B-3) Compound which reacts with the transition metal compound to form ion pair 

The compound (B-3) which reacts with the transition metal compound to form an ion pair (referred to as "ionizing 
ionic compound" hereinafter), that is used in the invention, is a compound which reacts with the transition metal com- 
pound (A) to form an ion pair, and includes Lewis acid, an ionic compound, a borane compound and a carborane com- 
pound described in Japanese Patent Laid-Open Publications No. 501950/1989, No. 502036/1989, No. 17900571991, 
No. 179006/1991, No 207703/1991 and No 207704/1991. and U.S. Patent No. 5.321,106. Further, as ionizing ionic 
compound, heteropoiy-compound or isopoly-compound may be used. 

The Lewis acid is, for example, a compound represented by BR3 (R is a phenyl group which may have a substttuent 
such as fluorine, methyl or trif luoromethyl, or a fluorine atom). Examples of such compounds include trifluoroboron. 
triphenytboron, tris(4-fluorophenyf)boron, tris(3,5KJifluorophenyf)boron. tris(4-fluoromethylpheny1)boron, tris(pen- 
tafluorophenyf) boron, tris(p-totyi)boron, tris(o-toly1)boron and tris(3,5-dimethylpnenyl)boron. 

The ionic compound is, for example, a compound represented by the following formula (VI). 



521 



R">® B ^ R 22 



(VI) 



In the above formula, R 19 is H\ carbonium cation, oxonium cation, ammonium cation, phosphonium cation, 
cycbheptyttrienyl cation, ferrocenium cation having a transition metal, or the like. 

R 20 to R 23 may be the same or different, and are each an organic group, preferably an aryl group or a substituted 
aryl group. 

Examples of the carbonium cations include tri -substituted cations, such as triphenylcarbonium cation, tri (methyl - 
phenyl) carbonium cation and tn(dimethylphenyl)carbonium cation. 

Examples of the ammonium cations include trialkylammonium cations, such as trim ethyl ammonium cation, triethy- 
I ammonium cation, tripropytammonium cation and tributylammonium cation; N.N-diatkytaniliraum cations, such as N,N- 
dimethylaniiinium cation, N,N-diethylanilinium cation and N,N-2,4,6-perrtametrr/tanilinium cation; and dial kyi ammonium 
cations, such as di(isopropyl)ammonium cation and dicyclohexytammonium cation. 

Examples of the phosphonium cations include triaryiphosphonium cations, such as triphenylphosphonium cation, 
tri(methytphenyl)phosphonium cation and tri(dimethy|phenyl)phosphonium cation. 

R 19 is preferably carbonium cation or ammonium cation, particularly preferably triphenylcarbonium cation, N.N- 
dimethylanilinium cation or N,N-diethylanilinium cation. 

Also available as the ionic compound is a triaJkyf-substituted ammonium salt, a N.N-diaJkylanilinium salt, a dialky- 
I ammonium salt and a triaryiphosphonium salt. 

Examples of the triaikyl -substituted ammonium salts include triethylarnmoriiumtetra(phenyOboron, tripropytammo- 
niumtetra(pheny1)boron, tri(n-butyQamnx>niunritetm(phenyl)boron, trimethy1ammoniumtetra(p-toly1)boron. trimethylam- 
moniumtetra(o-tolyl)boron, ^(n-butyOammoniumtetratpentafluorophenyOboron, tripropy1ammonjumtetra(o,p- 
dimethylphenyljboron, tri(n-butyl)amnwiurmetra(m.m-dimetriylphenyl)boron, tri(n*tityl)ammoniunrrtetra(j>-trifluor- 
omethylphenyl)boron. tri(n-fcOyl)amnioniumtetra(3,5-ditrffl^ and tri(n-butyl)ammoniumtetra(o- 

tolyf) boron. 

Examples of the N.N-dialkytanilirrium salts include N, N-dimethylaniliniumtetra(phenyl)boron, N,N-diethylanilin- 
iumtetra(phenyl)boron and N,N-2,4,6-pentametriytaniliniunnetrau?henyl)boron. 

Examples of the dialkylammonium salts include di(1 iDropyOarrmx}niumtetra(pentafluorcpher^)boron and dicy- 
clohexylammoniumtetra(phenyl)boron. 

Further employable as the ionic compound is tripheny1cart>eniurrtetrakis(pentailuorcpherry0borata N.N-dimethyi- 
aniliniumtetrakis(pentafluorophenyl)borate. ferroceniumtetra(pentafluorophenyl)borate, triphenytcarbeniunpentaphe- 
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nylcydopentadienyl complex. N.N-dethylanilinajmpentaphenylcydoperrtadienyl complex or a boron compound 
represented by the following formula (VII) or (VIII). 




wherein Et is an ethyl group 



/ CF 3 



© e 

Na B 



(VIII) 



Examples of the borane compounds include: 
decaborane(H); 

salts of anions, such as bis[tri(n-butyOammonium]nonaborate, bis{m(n-buty1)arnmonium]decaborate, bis[tri(n- 
butyljammonium] undecaborate, bispri(n^3utyl)ammonium)dodecaborate. bis|tri(n-butyl)an^onium]decachloro- 
decaborate and bis[tri(n4>uty1)ammonium]dod6<^hlorododecaborate; and 

salts of metallic borane anions, such as tri(n-butyQarrm)niumbis(dodecahydridedod I) and 

bis(fri(n-buty1)amrnonium]b^ 

Examples of the carborane compounds include: 

salts of anions, such as 4-carbanonaborane(14), 1,3-djcarbanonaborane(13), 6,9-dicarbadecaborane(14), dodec- 
ahydride-1 -phenyl- 1 ,3 -dicarbanonaborane, dodecahydride-1-m ethyl -1 ,3-dicarbanonaborane, undecahydride-1 ,3- 
dimethyl-1 ,3-dicarbanonaborane, 7,8-dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13), undecahydride* 

7.8- dimethy1-7,8-dicarbaurKlecaborane, dodecaliydride-11-metriyl-2,7-dicar^ tri(n-btrtyl) ammo- 
nium- 1 -carbadecaborate. tri(n-butyl)ammonium-1 -carbaundecaborate, tri(n-butyl)ammonium-1 •carbadodecabo- 
rate. tri(n-butyi)ammonium-1 -trimethylsilyl-1 -carbadecaborate, tri(r^buty0amn»niumbronTO-1-cajbadodecaborate, 
tri(n-biJty0ammonium-6-carbadBcaJborate(14), tri(n-c*ity0an^nium-6-carbadecaborate(12). tri(n-butyQammo- 
niurn-7-carbaundecaborate(13). tri(n-butyl)ammoniunrv73<KarbaurKlecaborate(12) p tri(n-buty0ammonium-2.9- 
dicarbaundecaborate(12). tri(n-C4ity0amnroniumdodecahyctfde-^ tri(n- 
butyl)airtmoniumundecah^ tri(n-buty0ammoniumundecahydride-8-butyl- 

7.9- dicarbaundecaborate. tri(n-buty1)amn™iumundecahyc^ tri(n-butyOammo- 
niumundecahydride-^trimethylsilyl^.S- dicarbaundecaborate and trifn-butyOammoniuniundecahydride^.e- 
dibromo-7-carbaundecaborate; and 

salts of metallic carborane anions, such as tri(n-biiryl)armioniun*is(nonar»ydrkJe-1,3-dicarban 
tate(ill), tri(n-buty1)amrrwiumbis(urcle^ tri(n-butyl)ammoni- 
umbis(undecahydride-7,8-di<»rbaur^^ tri(n-butyl)ammoniumbis(undecahydride-7,8- 
dicarbaundecaborate)nickelate(lll), tri(n-butyOammoniurnbis(ur^ 

rate)cuprate(lil). tri(n-butyl)amnwun*i^ tri(n-butyl)ammoni- 
umbis{r©nar^ride-7,8<iimetri^ tri(n-butyl)ammoniumbis(nonahydride-7 1 8- 
dimeth^-7 l 8-dican^undecaborate)chromate(lll). tri(rvbutyOammoniunt>is(tribr^^ 
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caborate)cobaltate(IIO. tris{tri{n-butyOamrronium]bi^ bts(tri(n- 
butyf)ammonlum]bis(urKieoahydrld8-7- carbaundecaborateJmanganat^fV), bis{tri(fvt)uty1)amrrx)dumlbls(iiridec- 
ahydride-7-cafbaundecaborate)cobattate{IIO and bisrMn-buty1)amnr™iumIbis(undec^^ 
rate)nickelate(IV). 

5 

The heteropofy -compounds comprise a heteroatom such as silicon, phosphorus, titanium, germanium, arsenic Of 
tin, and at least one poryatom selected from vanadium, niobium molybdenum and tungsten. For example, phosphova- 
nadic acid, gerrrtanovanadic acid, arsenovanadic acid, phosphoniobic acid, germanortiobic add, siliconomofybdic acid, 
phosphomofybdic acid, titanomolybdic acid, germanomolybdic acid, arsenomdybdic acid, stannnomoiybdic acid, phos- 

w photungstic acid, germanotungstic acid, stannotungsttc acid, phosphonxjrytxlovanadlc acid, phosphotungstovanadic 
acid, gerrnanotungstovanadic acid. prKjsprtomolybdolungstcvanadic acid, germanomdybdotungstovanadic acid, phos- 
phomolybdotungstic acid and phosphomolybdoniobic acid, salts of these acid with a metal of Group 1 or 2 of the peri- 
odic table such as lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium or barium, 
and further organic salts such as triphenytethyl salts of the above acids, as well as iscpdy-compounds, but not limited 

is thereto 

The heteropoly-compounds and isopoly-compounds mentioned above may be used singly or in combination of two 
or more kind. 

The ionizing ionic compounds (B<3) mentioned above can be used singly or in combination of two or more Kinds. 
If the transition metal compounds according to the invention are used as catalyst in combination with the organoa- 
20 luminum oxy-compound (B-2) such as methylaluminoxane as a cocatalyst, olefin compounds can be polymerized with 
high polymerization activities, h* the ionized ionic compound (B-3) such as triphenytcarbonium tetrakis(pentafluorophe- 
nyljborate is used as a cocatalyst, polyolef ins having a very high molecular weight is produced with good activities. 

In the olefin polymerization catalyst of the invention, the below-described carrier (C) can be used if necessary, in 
addition to the above-mentioned transition metal compound (A) and at least one compound (B) selected from the orga- 
ns nometallic compound (B-1 ) . the organoaluminum oxy -compound (B-2) and the ionized ionic compound (B-3). 

(C) Carrier 

The carrier (C) for use in the invention is an inorganic or organic compound in the form of granular or particulate 
so solid. As the inorganic compound, porous oxide, inorganic chloride, clay, day mineral or an ion-exchange layered com- 
pound is preferable. 

Examples of the porous oxides include Si0 2 , Al 2 0 3> MgO, ZrO, TK> 2 , B2O3, CaO, ZnO, BaO, Th0 2 ; and mixtures 
containing these oxides, such as Si0 2 -MgO, SKVAI2O3. SiOa-TiOg, Si02-V 2 0 5 , StOg-Cr^ and SKVTiOrMgO. 
Preferable are compounds each containing at least one of SiC^ and AI2O3 as the main component 

35 The inorganic oxides may contain a small amount of carbonate, sulfate, nitrate or oxide component such as 
Na 2 COa. K 2 C0 3 , CaCQj, MgCOs, r^feSO* Af^SO^s. BaS0 4 . KNO3, Mg(N03) 2 , M{HO£ z , Na 2 0, K 2 0 or LigO. 

Though the porous oxides differ in their properties depending on the type and the preparation process thereof, the 
carrier preferably used in the invention has a particle diameter of 10 to 300 um, preferably 20 to 200 urn, a specific sur- 
face area of 50 to 1 ,000 rrf/g. preferably 100 to 700 rrftg, and a pore volume of 0.3 to 3.0 cnrtyg. The carrier can be 

40 used after calcined at 1 00 to 1 ,000 °C, preferably 1 50 to 700 °C, rf desired. 

Examples of the inorganic chlorides employable in the invention indude MgCI 2 , MgBr 2 , MnCfe and MnBr 2 . In the 
invention, the inorganic chloride may be used as it is, or can be used after pulverized by a ball mill, a vforation mill or 
the like. The inorganic chloride can be used as fine particles of a precipitate obtained by dissolving the inorganic chlo- 
ride in a solvent such as alcohol and then precipitating using precipitating agent 

45 The clay for use in the invention is generally constituted mainly of day mineral. The ion-exchange layered-com- 
pound is a compound having a crystal structure wherein planes formed by ionic bonding or the (ike are laminated in par- 
allel to each other with a weak bond strength, and the ions contained therein are exchangeable Most of day minerals 
are ion-exchange layered compounds. As the clay, the day minerals and the ion-exchange layered compounds, not only 
natural ones but also synthetic ones are employable. 

50 Examples of such day, clay minerals and ion-exchange layered compounds indude clay, day minerals and ion 
crystalline compounds having layered crystal structures such as hexagonal dosest packing type, antimony type, CdCJ 2 
type and Cdl 2 type. 

Particular examples of the clay and the day minerals include kadin, bentonite. kibushi clay, gairome day, allo- 
phane, hisingerite, pyrophyllite, mica, montmorillonite, vermicutite, chlorite, palygorskrte, kaolinite, nacrite. dickhe and 
55 hafloysite. Particular examples of the ion-exchange layered compounds include crystalline add salts of polyvalent met- 
als, such as a-Zr(HAs04) 2 'H20. a-Zr{HPOJ 2 , a-Zr(KPC>4) 2 • 3H2O. a-TKHPO^, a-TXHAsO^ • K^O, a- 
SntHPO^ • H 2 0. r^(HP0 4 )2, rTifHPO^ and ^(NI^PO^ • H 2 Q 

As the day, the day minerals and the ion-exchange layered compounds, preferable are those having a pore vol- 
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ume, as measured on pores having a radius of not less than 20 A by a mercury penetration method, of not less than 
0.1 cc/g, and particularly preferable are those having a pore volume of 0.3 to 5 cc/g. The pore volume is measured on 
the pores having a radius of 20 to 3 x 10 4 A by a mercury penetration method using a mercury porosi meter. When a 
compound having a pore volume, as measured on pores having a radius of not less than 20 A, of less than 0.1 cc/g is 
used, high polymerization activities are apt to be hardly obtained. 

It is preferable that the clay and the day minerals for use in the invention are subjected to chemical treatments. A 
surface treatment to remove impurities attached to the surface and a treatment having an influence on the crystal struc- 
ture of the day are both available. Examples of such treatments indude add treatment, alkali treatment salt treatment 
and organic matter treatment. The add treatment contrbutes to not only removing impurities from the surface but also 
etuting cations such as Al, Fe and Mg present in the crystal structure to thereby increase the surface area. The alkali 
treatment destroys the crystal structure of day to bring about change in the structure of the day. The salt treatment and 
the organic matter treatment can produce ionic complex, molecular complex or organic derivative to change the surface 
area or the distance between layers. 

In the ion-exchange layered compound for use in the invention, the exchangeable ions between layers can be 
exchanged with other large and bulky ions utilizing ion exchange properties, whereby a layered compound having 
enlarged distance between layers can be obtained. That is, the bulky ion plays a pillar-like rod to support the layer struc- 
ture and is called a "pillar". Introduction of other substances between layers of a layered material is called Intercala- 
tion". 

Examples of the guest compounds to be intercalated include cationic inorganic compounds, such as TiCI 4 and 
ZrCU; metallic alcohdates, such as TifOR)* ZrfOR)* PO(OR) 3 and B(ORj 3 (R is a hydrocarbon group or the like); and 
metallic hydroxide ions, such as [AhrfMOHfcJ?*, [Zr 4 (OH) 14 f t and [FeaCKOCOCHa)^. These compounds can be 
used singly or in combination of two or more kinds. Intercalation of these compounds can be carried out in the presence 
of polymers obtained by hydrolysis of metallic alcoholates such as Si(OR) 4 . AlfORfe and Oe(OR) 4 (R is a hydrocarbon 
group or the Dke) or in the presence of colloidal inorganic compounds such as Sj0 2 . Examples of the pillars Include 
oxides produced by intercalation of the above-mentioned hydroxide ions between layers and then dehydration under 
heating. 

The day, clay minerals and the ion-exchange layered compounds mentioned above may be used as they are, or 
may be used after subjected to a treatment of ball milling, sieving or the (ike. Moreover, they may be used after sub- 
jected to water adsorption or dehydration under heating. The day, day minerals and the ion-exchange layered com- 
pounds may be used singly or in combination of two or more kinds. 

Of the above-mentioned materials, preferable are clay and clay minerals, and particularly preferable are montmo- 
riflonrte, vermiculite, pectolrte, teniolrte and synthetic mica. 

The organic compound is, for example, a granular or particulate organic compound having a particle diameter of 
10 to 300 urn. Examples of such compounds indude (cojpolymers produced using, as main components, a-olefins of 
2 to 14 carbon atoms such as ethylene, propylene, 1-butene and 4-methyM-pentene, (co)pdymers produced using, as 
a main component, virtylcydohexane or styrene, and modified products thereof. 

In the olefin polymerization catalyst of the invention, the below-described specific organic compound (O) can be 
used if necessary, in addition to the transition metal compound (A), at least one compound (B) selected from the orga- 
nometallic compound (EM), the organoaluminum oxy-compound (B-2) and the ionized ionic compound (B-3), and the 
fine partide carrier (C). 

(P) Organic compound cornponeoJ 

The organic compound component which can be used if necessary functions to improve polymerizability and prop- 
erties of the resulting polymers. Examples of the organic compounds indude alcohol, a phenolic compound, a carbox- 
yfic acid, a phosphorus compound and sulfonate, but the organic compound employable in the invention is not limited 
thereto 

The alcohol and the phenolic compound are represented by R 31 -OH wherein R 31 is a hydrocarbon group of 1 to 50 
carbon atoms or a halogenated hydrocarbon group of 1 to 50 carbon atoms. The alcohol is preferably a halogen atom- 
containing hydrocarbon. The phenolic compound is preferably a phenolic compound wherein the a,a'-posrtion of the 
hydroxy! group is substituted with a hydrocarbon group of 1 to 20 carbon atoms. 

The carboxylic acid is represented by R 32 -COOH wherein R 32 is a hydrocarbon group of 1 to 50 carbon atoms or 
a halogenated hydrocarbon group of 1 to 50 carbon atoms, preferably a halogenated hydrocarbon group of 1 to 50 car- 
bon atoms. 

Preferred examples of the phosphorus compounds indude phosphoric acids having P-O-H bond, phosphates hav- 
ing P-OR bond or P=0 bond, and phosphine oxide compounds. 
The sulfonate is represented by the following formula (IX): 
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(IX) 



wherein M is an atom of Group 1 to Group 14 of the periodic table; R 33 is a hydrocarbon group ol 1 to 20 carbon atoms 
or a hatogenated hydrocarbon group of 1 to 20 carbon atoms; X is a hydrogen atom, a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or a hatogenated hydrocarbon group of 1 to 20 carbon atoms; m is an integer of 1 to 7; 
and n£n£7. 

Fig. 1 shows steps for preparing the first olefin polymerization catalyst according to the invention. 
In the polymerization, the components can be used in any way and in any order. Some examples of the processes 
are given below. 

(1) The component (A) and at least one component (B) selected from the organometailic compound (B-1), the orga- 
noatuminum oxy-compound (B-2) and the ionized ionic compound (B-3) (referred to simply as "component (B)' 
hereinafter) are fed to the polymerization reactor in an arbitrary order. 

(2) A catalyst obtained by previously contacting the component (A) with the component (B) is fed to the polymeri- 
zation reactor. 

(3) A catatyst component obtained by previously contacting the component (A) with the component (B), and the 
component (B) are fed to the polymerization reactor in an arbitrary order. In this case, the components (B) may be 
the same or different. 

(4) A catalyst component wherein the component (A) is supported on the carrier (C), and the component (B) are 
fed to the polymerization reactor in an arbitrary order. 

(5) A catalyst component wherein the component (A) and the component (B) are supported on the carrier (C) is fed 
to the polymerization reactor. 

(6) A catalyst component wherein the component (A) and the component (B) are supported on the carrier (C), and 
the component (B) are fed to the polymerization reactor in an arbitrary order. In this case, the components (B) may 
be the same or different 

(7) A catalyst component wherein the component (B) is supported on the carrier (C), and the component (A) are 
fed to the polymerization reactor in an arbitrary order.. V . .'V . 

(8) A catalyst component wherein the component (B) is supported on the carrier (C), the component (A) and the 
component (B) are fed to the polymerization reactor in an arbitrary order. In this case, the components (B) may be 
the same or different 

(9) A component wherein the component (A) is supported on the carrier (C) and a component wherein the compo- 
nent (B) is supported on the carrier (C) are fed to the polymerization reactor in an arbitrary order. 

(1 0) A component wherein the component (A) is supported on the carrier (C), a component wherein the component 
(B) is supported on the component (C), and the component (B) are fed to the polymerization reactor in an arbitrary 
order. In this case, the components (B) may be the same or different 

(1 1) The component (A), the component (B) and the organic compound component (D) are fed to the polymeriza- 
tion reactor in an arbitrary order. 

(12) A component obtained by previously contacting the component (B) with the component (D), and the compo- 
nent (A) are fed to the polymerization reactor in an arbitrary order. 

(13) A component wherein the component (B) and the component (D) are supported on the carrier (C), and the 
component (A) are fed to the polymerization reactor in an arbitrary order. 

(14) A catalyst component obtained by previously contacting the component (A) with the component (B), and the 
component (D) are fed to the polymerization reactor in an arbitrary order. 

(1 5) A catalyst component obtained by previously contacting the component (A) wfth the component (B), the com- 
ponent (B) and the component (D) are fed to the polymerization reactor in an arbitrary order. 

(16) A catalyst component obtained by previously contacting the component (A) with the component (B), and a 
component obtained by previously contacting the component (B) with the component (D) are fed to the polymeri- 
zation reactor in an arbitrary order. 

(1 7) A component wherein the component (A) is supported on the carrier (C), the component (B) and the compo- 
nent (D) are fed to the polymerization reactor in an arbitrary order. 
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(18) A component wherein the component (A) is supported on the carrier (C) and a component obtained by con- 
tacting the component (B) with the component (D) are fed to the polymerization reactor in an arbitrary order. 

(19) A catalyst component obtained by previously contacting the component (A), the component (B) and the com- 
ponent (D) with each other is fed to the polymerization reactor. 

(20) A catalyst component which is obtained by previously contacting the component (A), the component (B) and 
the component (D) with each other, and the component (B) are fed to the polymerization reactor in an arbitrary 
order. In this case, the components (B) may be the same or different 

(21) A catalyst component wherein the component (A), the component (B) and the component (D) are supported 
on the carrier (C) is fed to the polymerization reactor. 

(22) A catalyst component wherein the component (A), the component (B) and the component (D) are supported 
on the carrier (C), and the component (B) are fed to the polymerization reactor in an arbitrary order. In this case, 
the components (B) may be the same or different. 

An olefin may be prepolymerized onto the solid catalyst component wherein the component (A) and the component 
(B) are supported on the carrier (C). 

In the process for olefin polymerization according to the invention, an olefin is polymerized or coporymerized in the 
presence of the above-described olefin polymerization catalyst to obtain an olefin polymer. 

In the present invention, the polymerization can be carried out as any of liquid phase polymerization, such as solu- 
tion polymerization or suspension polymerization, and gas phase polymerization. 

Examples of the inert hydrocarbon media used in the liquid phase polymerization include aliphatic hydrocarbons, 
such as propane, butane, pentane, hexane, heptane octane, decane, dodecane and kerosine; alicyclic hydrocarbons, 
such as cyclopentane, cyclohexane and methyfcyclopentane; aromatic hydrocarbons, such as benzene, toluene and 
xylene; halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dtchtoromethane; and mixtures of 
these hydrocarbons. The olefin itself can be used as the solvent. 

In the polymerization of an olefin using the olefin polymerization catalyst, the component (A) is used in an amount 
of usually 10" 12 to 10" 2 mol, preferably 10* 10 to 10* 3 mol, based on 1 liter of the reaction volume. In the present invention, 
an olefin can be polymerized with high polymerization activities, even if the component (A) is used in a relatively low 
concentration. 

The component (B-1) is used in such an amount that the molar ratio of the component (B-1) to the transition metal 
atom (M) in the component (A) ((B-1 )/(M)) becomes usually 0.01 to 100,000, preferably 0.05 to 50,000. The component 
(B-2) is used in such an amount that the molar ratio of the aluminum atom in the component (B-2) to the transition metal 
atom (M) in the component (A) ((B-2)/(M)) becomes usually 10 to 500,000, preferably 20 to 100.000. The component 
(B-3) is used in such an amount that the molar ratio of the component (B-3) to the transition metal atom (M) in the com- 
ponent (A) ((B-3)/(M)) becomes usually 1 to 10, preferably 1 to 5. 

The ratio of the component (D) to the component (B) is as follows. When the component (B) is the component (B- 
1), the component (D) is used in such an amount that the (D)/(B-1 ) ratio by mol becomes 0.01 to 10, preferably 0.1 to 
5. When the component (B) is the component (B-2), the component (D) is used in such an amount that the molar ratio 
of the component (D) to the aluminum atom in the component (B-2) ((D)/(B-2)) becomes 0.001 to 2, preferably 0.005 to 
1. When the component (B) is the component (B-3). the component (D) is used in such an amount that the (D)/(B-3) 
ratio by mot becomes 0.01 to 10, preferably 0. 1 to 5. 

The temperature for the olefin polymerization using the olefin polymerization catalyst is in the range of usually -50 
to 200 °C, preferably 0 to 170 °C. The polymerization pressure is in the range of usually atmospheric pressure to 100 
kg/cm 2 , preferably atmospheric pressure to 50 kg/cm 2 . The polymerization reaction can be carried out by any of batch- 
wise, semi-continuous and continuous processes. The polymerization can be conducted in two or more stages under 
different reaction conditions. 

The molecular weight of the resulting polymer can be adjusted by allowing hydrogen to exist in the polymerization 
system or by varying the polymerization temperature. Further, the molecular weight can be adjusted also by using the 
component (B) of different type. 

Examples of the olefins which can be polymerized using the olefin polymerization catalyst include: 

straight-chain or branched a-oleftns of 2 to 30, preferably 3 to 20 carbon atoms, such as ethylene, propylene, 1 - 
butene, 1-pentene, 3-methy1-1-butene, 1-hexene, 4-methyM -pentene, 3-methyi-1 -pentene, 1-octene, 1-decene, 1- 
dodecene, 1 -tetrad ecene, 1-hexadecene, 1 -octadecene and 1-eicosene; and 

cyctodefins of 3 to 30, preferably 3 to 20 carbon atoms, such as cydopentene, cydoheptene, norbornene, 5- 

methyi-2-norbornene, tetracyctododecene and 2HnettTyt-1 > 4,5,8-dimethan^ 

lene. 

Also employable are polar monomers Examples of such monomers include a, p -unsaturated carboxylic acids, such 
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as acrylic acid, methacrylic acid, fumaric acid, maleic anhydride, teconic acid, itaconic anhydride and bteycio(2 ( 2,1)-5- 
heptene-2,3-dlcait)oxylic acid; metallic salts of these acids, such as sodium salts, potassium salts, lithium salts, zinc 
salts, magnesium salts and calcium salts; a,p-unsaturated carboxytic esters, such as methyl acrytate, ethyl acrytate, n- 
propyl acrytate. tsopropyt acrytate, n-butyi acrytate, isobutyl acrytate, tert-butyl acrytate, 2-ethyihexyi acrytate. methyl 
methacrylate. ethyl methacrytate, n -propyl methacrytate, tsopropyl methacrytate. n-butyl methacrytate and isobutyl 
methacryiate; vinyl esters, such as vinyl acetate, vinyl propionate, vinyl caproate, vinyl caprate. vinyl laurate, vinyl stea- 
rate and vinyl trifluoroacetate; and unsaturated glycidyl esters, such as giycidyl acrytate, glyckfyi methacrytate and 
monoglyckJyl ttaoonate. Furthermore, vinylcydohexane, diene, polyene and the like are also employable The diene and 
the polyene are cyclic or chain compounds having 4 to 30. preferably 4 to 20 carbon atoms and having two or more dou- 
ble bonds. Examples of such compounds include butadiene, isoprene, 4-methyt-l ,3-pentadiene. 1 ,3-pentadiene, 1,4- 
pentadiene, 1,5-hexadiene, 1 ,4-hexadiene, 1,3-hexadiene, 1.3-octadiene, 1 ,4-octacSene, 1,5-octadiene, 1.6-octadiene, 
1,7-octadiene. ethytidene norbomene, vinyl norbomene and dicycfopentadiene; 

7-methyM ,6-octadiene, 4-ethyfidene^'methyt-1,7-rtonadjene, 5.9-dimethyl-1,4,8-decatriene; and further 
aromatic vinyl compounds such as mono or poly alkytstyrenes (eg., styrene, o-methylstyrene, m-methylstyrene, p- 
methytstyrene. op-dimethyistyrene, o-etrrytstyrene, m- ethyl styrene and p-ethytstyrene). functional group-contain- 
ing styrene derivatives {eg., methoxystyrene ethoxystyrere, vinytbenzoic acid, methyl vinylbenzoate. vinylbenzyl 
acetate, hydroxystyrene, o-chlorostyrene, ^p<^c^c^eneajxldivinylbenzene);and. 
3-phenytpropyrene, 4-phenylpropyrene and a-mettiylstyrene. 

The olefin polymerization catalyst of the invention exhtotts high polymerization activities, and by the use of the cat- 
alyst, polymers of narrow molecular weight distribution can be obtained. When two or more kinds of olef ins are used, 
olefin copolymers of narrow composition distribution can be obtained < ■ 

The olefin polymerization catalyst of the invention can be used also for the copolymerizatJon of an a-olefin and a 
conjugated diene. 

Examples of the a-oJefirts used herein include the same straight-chain or branched a-def ins of 2 to 30, preferably 
2 to 20 carbon atoms as described above. Of these preferable are ethylene, propylene. 1 -butene, 1 -pentene, 1 -hexene, 
4-methyt-l -pent ene and 1 -octene. Particularly preferable are ethylene and propylene. These a-def ins can be used sin- 
gly or in combination or two or more kinds. 

Examples of the conjugated dienes include aliphatic conjugated dienes of 4 to 30, preferably 4 to 20 carbon atoms, 
such as 1,3-butacGene, isoprene, chloroprene, 1 ,3-cydohexadiene, 1 ,3-pentadiene, 4-methyl-1 ,3-pentadiene. 1,3-hex- 
adiene and 1 ,3-octadiene. These conjugated dienes can be used singly or in combination of two or more kinds. 

In the copolymerizatJon of the a-olefin and the conjugated diene, non-conjugated diene or polyene is further 
employable, and examples thereof include 1 ,4-pentadiene, 1,5-hexadiene, 1 ,4-hexadiene,. 1,4-octadiene, 1,5-octadi- 
ene, 1,6-octadierie, 1,7-octac5ene, ethylidene norbomene, vinyl norbomene, djcydopentadiene, 7-methyl-1,6-octadi- 
ene, 4-ethylidene-8-methyt- 1 ,7-nonadiene, 5,9-cfimethy1-1 ,4,8-decatriene. 

Second otefin polymgffratiQn catalyst 

Trie second olefin polymerization catalyst according to the invention is formed from: 

(A) a transition metal compound represented by the below-described formula (II), and 

(B) at least one compound selected from: 

(B-1) an organometallic compound. 

(B-2) an organoaluminum oxy-compound. and 

(B-3) a compound which reacts with the transition metal compound (A") to form an ion pair. 

First the components for forming the olefin polymerization catalyst of the invention are described. 

W Transition metal compound 

The transition metal compound (A*) for use in the invention is a transition metal compound represented by the fol- 
lowing formula (II): 
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wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 

R 1 to R 10 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing 
group, a sulfur -containing group, a phosphorus -containing group, a silicon-containing group, a germanium-contain- 
ing group or a tin-containing group, and two or more of them may be bonded to each other to form a ring, 
n is a number satisfying a valence of M, 

X is a Hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-con- 
taining group, a halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a germa- 
nium-containing group or a tin-containing group, and when n is 2 or greater, plural groups X may be the same or 
different and may be bonded to each other to form a ring, and 

Y is a divalent bonding group containing at least one element selected from the group consisting of oxygen, sulfur, 
carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when it is a hydrocarbon group, the hydrocar- 
bon group has 3 or more carbon atoms. 

It is preferable that at least one of R 6 and R 1 °, especially both of them, in the formula (II) is a halogen atom, a hydro- 
carbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron- 
containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium- 
containing group or a tin-containing group. 

As M, R 1 to R 10 and X in the formula (II), there can be used the same groups as mentioned for M, R 1 to R 6 and X 
in the formula(l), respectively. Specific exarnples of Y are described later on. 

The transition metal compound represented by the formula (if) is preferably a transition metal compound repre- 
sented by the following formula (I I -a) : 



wherein M is a transition metal atom of Group 3 to Group 1 1 . preferably Group 4 or 5. more preferably Group 4, of the 
periodic table, for example titanium, zirconium and haHnium. especially titanium. 

R 1 to R 10 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
hyoYccamon-substituted silyl group, an alkoxy group, an aryloxy group, an ester group, an arrrido group, an amino 
group a sulfonamides group, a cyano group or a nitro group, and two or more of them may be bonded to each other 
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to form a ring, 

n is a number satisfying a valence of M, usually an integer of 0 to 4, preferably 1 to 4, more preferably 1 to 3. 
X isa hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group or a silicon-containing group, and when n is 2 or greater, plural groups may be the same 
5 or different and may be bonded to each other to form a ring. 

Y is a divalent bonding group containing at least one element selected from the group consisting of oxygen, sulfur, 
carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when it is a hydrocarbon group, the hydrocar- 
bon group has 3 or more carbon atoms. 

w The main chain of the bonding group Y has a structure comprising preferably 3 to 40. more preferably 4 to 10 
atoms. The bonding group may have a substituent 

It is preferable that at least one of R 6 and R 10 . preferably both of them in the formula (ll-a) is a halogen atom, a 
hydrocarbon group, a riydrocarbon-substituted sflyl group, an aitaxy group, an aryloxy group, an ester group, an amido 
group, an amino g-oup, a sulfonamtdo group, a cyano group or a nitro group 

is Specific examples of X and R 1 to R 10 in the formula (ll-a) are the same as mentioned for X and R 1 to R 6 in the for- 
mulae (0 and (l-a). X is particularly preferably a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a surfl- 
nato group. When n is 2 or greater, plural groups X may be bonded to each other to form a ring such as an aromatic 
ring or an aliphatic ring. 

Specific examples of the divalent bonding groups include chalcogen atoms, such as -O-, -S- and -Se-: nitrogen, or 
20 phosphorus-containing groups, such as -NH-, -NfCHg)-, -PH- and -PfCI-y-; silicon atom -containing groups, such as - 
SiH 2 - and -SifCH^i'tin atom-containing groups, such as -SnH 2 - and -SnfCH^: and boron atorrHXntaining groups, *• 
such as -BH-, -B(CH3) and -BF. Examples of the hydrocarbon groups include saturated hydrocarbon groups of 3 to 20 
carbon atoms, such as : -(CH^4% -{CH^s- and -{CH£z-\ cyclic saturated hydrocarbon groups, such as cydohexylidene 
and cydohexytene; groups wherein these saturated hydrocarbon groups are partially substituted with 1 to 1 0 groups or 
25 atoms selected from hydrocarbon groups, halogen atoms (e.g. . fluorine, chlorine and bromine) and hetero atoms (e.g. , 
oxygen, sulfur, nitrogen, phosphorus, si D con, selenium, tin and boron); residual groups of cyclic hydrocarbons of 6 to 
20 carbon atoms, such as benzene, naphthalene and anthracene; residual groups of cyclic compounds containing het- 
ero atoms and having 3 to 20 carbon atoms, such as pyridine, quinoline. thiophene and furan. 

Examples of the transition metal compounds represented by the formula (II) are given below, but the transition 
30 metal compounds are not limited to those examples. 
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In the abase examples, Me is methyl, Ph is phenyl. 

In the present invention, transition metal compounds wherein titanium is replaced with other metals than titanium, 
such as zirconium or hafnium, in the above-exemplified compounds are also employable. 

In the second olefin polymerization catalyst according to the invention, the transition metal compound (A*) can be 
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used in combination with other transition metal compounds, as for the aforesaid transition metal compound (A). Exam- 
pies of the other transition metal compounds include the aforesaid compounds (a-1) to (a-8). 

In the second olefin polymerization catalyst according to the invention, examples of the organometallic compounds 
(B-1), the organoaluminum oxy-compounds (B-2) and the compounds which react with the transition metal compound 
(A 1 ) to form an ion pair include those previously described. 

In the second olefin polymerization catalyst according to the invention, the aforesaid carrier (C) can be used if nec- 
essary, in addition to the abovemerrtioned transition metal compound (A*) and at least one compound (B) selected from 
the organometallic compound (B-1), the organoaluminum oxy-compound (B-2) and the ionized ionic compound (B-3). 
as in the first olefin polymerization catalyst. Further, the aforesaid specific organic compound (D) can also be used if 
necessary. 

Fig. 2 shows steps for preparing the second olefin polymerization catalyst according to the invention. 
The second olefin polymerization catalyst according to the invention can be used for polymerizing the same olefins 
under the same conditions as described for the first olefin polymerization catalyst 

Novel transition metal compound 

The novel transition metal compound according to the invention is represented by the following formula (III): 




(III) 



wherein M is a transition metal atom of Group 4 or Group 5 of the periodic table, 
m is an integer of 1 to 3, 

R 1 is a hydrocarbon group, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an alkoxy 
group, an alkytthio group, an aryloxy group, an arytthio group, an ester group, a thioester group, a suffonester group 
or a hydroxy! group, 

R 2 to R 5 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a 
heterocyclic compound residue, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy group, an 
alkoxy group, an alkytthio group, an aryloxy group, an arylthk) group, an ester group, a thioester group, an amkJo 
group, an imido group, an amino group, an imino group, a suffonester group, a sutfonamido group, a cyano group, 
a nrtro group, a carboxyl group, a sulfa group, a mercapto group or a hydroxy! group. 

R 6 is a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted siloxy 
group, an alkoxy group, an alkytthio group, an aryloxy group, an arytthio group, an ester group, a thioester group, 
an ami do group, an imido group, an imino group, a suffonester group, a sutfonamido group or a cyano group, 
two or more of R 1 to R 6 may be bonded to each other to form a ring. 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitrogen- 
containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing group, a 
halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a germanium-contain- 
ing group or a tin-containing group, and when n is 2 or greater, plural groups X may be the same or different 
and may be bonded to each other to form a ring. 
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As the transition metal compound of the formula (111), preferable Is a transition metal compound represented by the 
following formula (lll-a). 



R 1 - 
I 

N-... 
0 



(Hl-a) 



In the formula (lll-a), M is a transition metal atom of Group 4 or Group 5 of the periodic table, specifically titanium, 
zirconium, hafnium, vanadium, niobium or tantalum. 
20 m is an integer of 1 to 3, preferably 2. 

R 1 to R 5 may be the same or different and are each a hydrocarbon group, an altaxy group or a hydrocarbon-sub- 
stituted sityl group. 

R 6 is a halogen atom, a hydrocarbon group, a hydrocarbon-substituted sityl group, an alkoxy group, an alkytthio 
group or a cyarto group. 
25 Two or more of R 1 to R 6 may be bonded to each other to form a ring. 

When m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the groups 
R 1 are not bonded to each other. 

n is a number satisfying a valence of M. 

X is a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitrogen -con- 
so taining group, halogen-containing group or a silicon-containing group. 

Preferable X is a halogen atom, a riydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group 
of 1 to 20 carbon atoms, an oxygen-containing, a sulfur-containing group or a silicon containing group. 

When n is 2 or greater, plural groups X may be the same or different and may be bonded to each other to form a 

ring. 

35 Specific examples of R 1 to R 6 and X include those described tor the above-mentioned formula (I). 
Some examples of the novel transition metal compounds are given below. 



40 



45 



SO 



55 



69 





70 



EP0874 005A1 

p p P 9 9 

Q O 'O P p 

J3r &Z &t &~ &r 

Q a j$ X? jQ 

I- I- cS?- <5T 



71 



EP 0 874 005 A1 



-Yl 6 Op 

9 p o o 



P P 6 

6?"" ^ # 



EPO 874005 A1 



5 




r»cu 



10 



15 




20 



25 



30 



6? 




nci 2 




ZfCI 2 



General process for preparing transition metal compound 

The transition metal compounds of the formulae (I), (II) and (III) can be prepared by any processes without specific 
limitation, for example, in the manner as described below. First the ligand composing the transition metal compound 
40 can be obtained by reacting a salicylakJehyde compound with a primary amine compound of the formula R^NHfe 
(where R 1 has the meanings as described above), for example an aniline compound or an alkylamine compound. In 
more detail, both starting compounds are dissolved in a solvent, for example those commonly used in such reactions, 
preferably alcohols such as methanol and ethanol, and hydrocarbon solvents such as toluene. The resulting solution is 
stirred for about 1 to 48 hours at room temperature to a reflux temperature to obtain the corresponding ligand in a good 



In the preparation of ligands, catalysts for example acid catalysts such as formic acid, acetic acid and toluenesuJ- 
fonic acid can be used. In order to proceed the reaction effectively, it is also possible to use dehydrating agents such as 
molecular sieves, magnesium sulfate and sodium sulfate or to perform dehydration by the Dean Stark method. 

The ligand thus obtained can then be reacted with a transition metal M-containing compound, to synthesize the 
so desired transition metal compound. Specifically, the ligand is dissolved in a solvent and H necessary, is contacted with 
a base to prepare a phenoxide salt, followed by mixing with a metal compound such as a metallic halide or a metallic 
alkylate at a low temperature and stirring for about 1 to 48 hours at -78*C to room temperature or under reflux. Any sol- 
vents usually used in such reactions may be employed and preferable are polar solvents such as ethers, e.g., tetrahy- 
drofuran (THF) and hydrocarbon solvents such as toluene. Examples of the bases which may be used for preparing the 
55 phenoxide salt include, but not limited to metallic salts, such as lithium salts (e.g., n-butyllithium) and sodium salts (e.g., 
sodium hydride) and organic bases such as triethylamine and pyridine. 

Depending on the properties of the compound, the step of preparing the phenoxide salt may be omitted, and the 
ligand can be directly reacted with the metal compound to synthesize the corresponding transition metal compound. 



45 



yield. 
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Further, it is possible that the transition metal M in the synthesized compound is replaced with another transition 
metal by conventional methods. Furthermore, any one of R 1 to R 6 which is H can be substituted by a substituent other 
than H at any synthesis steps. 

The novel transition metal compound represented by the formula (III), preferably the formula (lll-a), can be favora- 
5 biy used as an olefin polymerization catalyst. 

If the transition metal compound is used as an olefin polymerization catalyst. (co)poJymers of narrow molecular 
weight distribution can be synthesized with high polymerization activities. 

g-QlefffVwniucflteg: tfene copolymer 

10 

The a-o!ef in/conjugated diene copolymer according to the invention comprises 1 to 99.9 % by mol of constituent 
units derived from an o-olef in and 99 to 0. 1 % by mol of constituent units derived from a conjugated diene. and prefer- 
ably comprises 50 to 99.9 % by mol of constituent units derived from an aolefin and 50 to 0.1 % by mol of constituent 
units derived from a conjugated diene. 
15 Examples of the oc-olefins include the same straight-chain or branched o-olef ins of 2 to 30, preferably 2 to 20 car- 
bon atoms as described above. Of these, preferable are ethylene, propylene. 1 -butene, 1 -pentene, 1 -hexene. 4-methyl- 
1 -pent en e and 1 -octene. Particularly preferable are ethylene and propylene. These a -olefins can be used singly or in 
combination or two or more kinds. 

Examples of the conjugated dienes include aliphatic conjugated dienes of 4 to 30, preferably 4 to 20, preferably 4 
20 to 20 carbon atoms, such as 1 ,3-butadiene. isoprene, chloroprene, 1 ,3-cyclohexadiene, 1 ,3-pentadiene, 4-methyl- 1 ,3- 
pentadiene. 1 ,3-hexadiene and 1 ,3-octacfiene. These" conjugated dienes can be used singly or in combination of two or 
more kinds.. 

■;. in the copolymerization of the a-olefln and the conjugated diene, norvconjugated diene or polyene is further 
employable, and examples thereof include 1,4-pentadiene. 1.5-hexadiene, 1,4-hexadiene, 1.4-octadiene, 1,5-cctadi- 
25 ene. 1.6-octadiene. 1,7-octadiene, ethylidene norbornene, vinyl norbornene. dicyclopentadiene. 7-methyM,e-octadi- 
ene, 4-ethylidene-8-methyl-1 ,7-honadiene. 5 ,9-d i methyl- 1 ,4,8-decatriene. 

In the polymer chain of the a-olefin/conjugated diene copolymer of the invention, the content of 1 ,2-cyclopentane 
skeleton derived from the conjugated diene is not more than 1 % by mol, preferably such a content that the 1,2- 
cyclopentadiene skeleton can be regarded to be substantially not contained (i.e., less than 0.1 % by mol). When the 
so content of the 1 ,2-cyclopentane skeleton is less than 0. 1 % by mol, the content is regarded to be lower than the detec- 
tion limit and is not introduced into the calculation of all the conjugated diene units. 

In the polymer chain of the a-olefin/conjugated diene copolymer of the invention, the proportion of the 1 ,2- 
cyclopentane skeleton to all the diene units is not more than 20 %, preferably not more than 1 0 %. The proportions of 
other insertions of the dienes (e.g., 1 ,4-cis, 1 ,4-trans, 1 ,2-vinyl) in the a-olefin/conjugated diene copolymer are arbitrary, 
as The proportions can be determined by 13 C-NMR and 1 H-NMR in accordance with the method described in "Die Makro- 
" molekutare Chernie", volume 192, p. 2591 (1991). 

The a-olefin/conjugated diene copolymer has a molecular weight distribution (Mw/Mn) of not more than 3.5 and 
has a uniform composition distnoution. The weight average molecular weight (Mw) of the copolymer is not less than 
1.000, preferably not less than 5,000. ; ' 

40 " Since the a-6lef h/conjugated diene copolymer has double bonds in its main chain or side chain, it can be variously 
modified. For example, by virtue of modification with a peroxide, the double bonds can be epaxidized to introduce epoxy 
groups of high reactivity into the copolymer. Such a modification makes the copolymer possible to be used as a ther- 
moplastic resin or a reactive resin. The double bonds can also be utilized in the Diets-Alder reaction or the Michael addi- 
tion reaction. Further, in case of the copolymer having double bonds in the main chain, the copolymer can be improved 
4$ in heat resistance and ozone resistance by selectively hydrogenating the double bonds to saturate them. 

The a-olefin/conjugated diene copolymer of the invention may be modified partially or fully with an unsaturated car- 
boxylic acid, its derivative or an aromatic vinyl compound, and the degree of modification is preferably in the range of 
0.01 to 30% by weight 

The monomer used for the modification (referred to as "graft monomer" hereinafter) is. for example, an unsaturated 
so carboxylic acid, its derivative or an aromatic vinyl compound. Examples of the unsaturated carboxylic adds include 
acrylic acid, methacrytic acid, maleic acid, fumaric acid and itaconic acid. Examples of the derivatives of unsaturated 
carboxylic acids include acid anhydrides, esters, amides, imides and metallic salts thereof, such as maleic anhydride, 
citraconic anhydride, itaconic anhydride, methyl acrylate, methyl methacrylate, ethyl acrytate, ethyl methacrytate, butyl 
acrylate, butyl methacrylate, glycidyl acrylate, glyddyl methacrylate, monoethyl maleate, diethyl maleate, monomethyl 
55 fumarate, dimethyl fumarate, monomethyl itaconate, diethyl itaconate, acrylamkJe, rnethacryt amide, maleic acid 
monoamide, maleic acid diamkJe, maleic ack^N-morioethyfamide, maleic acid- N , N-d i ethytamide, maleic acid-N- 
monobutytamide, maleic actd-N.N-cfibutylamide. fumaric acid monoamide, fumaric acid diamide, fumaric acid-N- 
monoethylamide, fumaric ackJ-N.N-dethytarnide. fumaric acid-N-monc*utytamide. fumaric ackj-N, N-dibutylamide, 
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maleimide. Nl-butytmaJeimide, N-phenytmaleimide, sodium acrytate, sodium methacrylate, potassium acrytate and 
potassium methacrylata Of the graft monomers, maJeic anhydride is preferably employed. 
Examples of the aromatic vinyl compounds include: 

styrene: 

mono or potyalkytstyrenes, such as o-methytstyrene, m-methylstyrene, p-methylstyrene, op-dimethyistyrene, o- 
ethylstyrene, m-ethylstyrene and p-ethylstyrene; 

functional group-containing styrene derivatives, such as methoxystyrene. ethoxystyrene, vinyl benzoic acid, methyl 
vinyl benzoate. vinylbenzyl acetate, hydroxystyrene. o-chlorostyrene, p-chlorostyrene and divinylbenzene; and 
others, such as 3-phenytpropylene, 4-phenytbutene and a-methytetyrena Of these, styrene or 4 -methoxystyrene is 
preferable. 

For graft copolymerizing the a-olef'tn/conjugated diene copolymer with the graft monomer to prepare a modified 
copolymer, various known processes are available. 

For example, the a-oJef in/conjugated diene copolymer and the graft monomer are heated at a high temperature in 
the presence or absence of a solvent and in the presence or absence of a radical initiator to perform graft copolymeri- 
zation. tn the reaction, the graft monomers may be used in combination. 

In order to prepare a partially or wholly graft-modified a-olefin/conjugated diene copolymer having a graft ratio of 
0.01 to 30 % by weight, it is preferable from the viewpoint of industrial production that a graft-modified a-olefin/conju- 
gated diene copolymer having a high graft ratio is prepared and the thus graft-modified copolymer is then mixed with 
an unmodified a-olefin/conjugated diene copolymer to adjust the graft ratio, because the concentration of the graft mon- 
omer in the composition can be adjusted as desired, ft is also possible that a given amount of a graft monomer is 
blended with the a-olefin/conjugated diene copolymer from the first to perform graft modification. 

Referring to the degree of modification of the a-olefin/conjugated diene copolymer with the graft monomer, the graft 
ratio to the whole resin composition is in the range of preferably 0.01 to 30 % by weight, particularly preferably 0.05 to 
10 %by weight 

The a-olefin/conjugated diene copolymer of the invention (including the above-mentioned modified product) may 
be blended with (i) a polyolefin resin and optionally, with (ii) a filler to form resin compositions useful for various appli- 
cations. 

m Polvolefin resin 

The potyoJefin resin (i) which may be blended with the a-olefin/conjugated diene copolymer of the invention may be 
any of a crystalline polyolefin and an amorphous potyolef in, or may be a mixture of thse polyolefin resins. 

The crystalline polyolefin is, for example, a homopolymer or a copolymer of an a-olef in of 2 to 20 carbon atoms or 
a cyctoolefin. The amorphous polyolefin is, for example, a copolymer of one or more a-olefins of 2 to 20 carbon atoms 
and one or more cycloolefins. 

Examples of the a-olefins of 2 to 20 carbon atoms include ethylene, propylene. 1-butene, 2-butene. 1-pentene, 1- 
hexene. 4-methyl- 1-pentene. 4.4-dimethyt- 1-pentene, 3-methyM-pentene, 4-methyi-1-hexene, 3-ethyl-1-hexene. 4- 
ethyl-1-hexene. 4,4-dimethyM -hexene, 1-octene, 3-methyl-1-butene. 1-nonene, 1-decene. 1-undecene. 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-octadeceneand 1-eicosene. 

Examples of the cycloolefins include cyclopentene, cycloheptene, cydohexene, norbornene, 5-ethyl-2-norbornene, 
tetracyclododecene and 2-ethy1-1 ,4,5,8-cfimethano-1 ,2,3.4.4a.5,8,8a-octahydronaphthalene. 

Examples of the crystalline polyolefin resins include the following (co)polymers (1 ) to (1 1). Of the copolymers, par- 
ticularly preferable are the copolymers (3) and (5). 

(1) Ethylene homopolymer (produced by any of low-pressure and high-pressure processes) 

(2) Copolymer of ethylene and not more than 20 % by mol of another a-olef in, vinyl monomer (e.g., vinyl acetate, 
ethyl acrytate) or cycloolef in 

(3) Propylene homopolymer 

(4) Random copolymer of propylene and not more than 20 % by mol of another a-olefin 

(5) Block copolymer of propylene and not more than 30 % by mol of another a-olef in 

(6) 1 -Butene homopolymer 

(7) Random copolymer of 1-butene and not more than 20 % by mol of another a-olefin 

(8) 4-Methyi-1-pentene homopolymer 

(9) Random copolymer of 4-methyl- 1 -pentene and not more than 20 % by mol of another a-olefin 

(10) Cyclopentene homopolymer 

(1 1) Random copolymer of cyclopentene and not more than 20 % by mol of another a-olefin 
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As the "another a-olefin* in the above (co)polymers (1) to (1 1), ethylene, propylene. 1-butene, 4-methyl-i -pentene, 
1-hexene or 1 -octane from among the aforesaid examples is preferably employed. As the cyctoolefin, cydopentene. 
cydohexene, norbornene or tetracydododecene is preferably employed. 

The crystalline potyoieftn resin desirably has a mett flow rate (measured at 230 °C under a load of 2.16 kg in 
5 accordance with ASTM D1238-65T) of 0.01 to 100 0/10 rrtin, preferably 0.3 to 70 g/10 rrtin, and a crystallinity. as meas- 
ured by X^aydrffractometry. of usually 5 to 100%. preferably 20 to 80 %. 

The crystalline polyolefin resin can be prepared by a conventional process. 

Examples of the amorphous polyolefin resins include the following (copolymers. 

io (1) Norbornene homopolymer 

(2) Copolymer of ethylene and norbornene, or copolymer of ethylene, norbornene and another a-olefin 

(3) Copolymer of ethylene and tetracydododecene, or copolymer of ethylene, tetracydododecene and another a- 
olefin 

is Fille r 

As the fillers (ii), which may be blended with the a-olefin/conjugated diene copolymer of the invention, those gen- 
erally used can be used without specific Dmrtaiion. 
Examples of the inorganic fillers include: 

20 ';->•. ■ : - r " ■'' ' 

powdered fillers, such as silicates (e.g. , powdered talc. Kaolintte. calcined day, pyrophiDite, seriate, wollastontte). 
carbonates (precipitated calcium carbonate, heavy calcium carbonate, magnesium carbonate), hydroxides (e.g., 
aluminum hydroxide, magnesium hydroxide), oxides (e.g„ zinc oxide, zinc white, magnesium oxide), and synthetic 
silicic acids or silicates (e.g., hydrated calcium silicate, hydrated aluminum silicate, hyd rated sifidc add. silicic anhy- 

ss dride); 

flaky fillers, such as mica; 

fibrous fillers, such as basic magnesium sulfate whisker, calcium titanate whisker, aluminum borate whisker, sepl- 
olite, PMF (processed mineral fber), xonotlite, potassium titanate and ellestadite; and 
balloon fillers, such as glass balloon and fly ash balloon. 

30 

These fillers can be used singly or in combination of two or more kinds. 

When the a-defin/conjugated diene copolymer is blended with the polyolefin resin (i) and the filler (ii). the a-de- 
f in/conjugated diene copolymer is desirably contained in an amount of 10 to 90 parts by weight, preferably 15 to 80 
parts by weight, more preferably 20 to 75 parts' by weight, based on 100 parts by weight of the total of the a-olef irtfeon- 
35 jugated diene copolymer, the polyolefin resin (i) and the filler (iij. V ; : , s . 

ff the content of the a-olefin/conjugated diene copolymer is used in this amount the a-olef in/conjugated diene 
copolymer composition has excellent moldability and is capable of providing molded products having not only excellent 
impact resistance, weathering resistance and heat stability but also excellent rigidity, strength and heat resistance. 

The polyolefin resin (i) is contained in an amount of 1 to 99 parts by weight, preferably 10 to 85 parts by weight, 
40 more preferably 1 0 to~85 parts by weight based on 100 parts by weight of the total of the resulting composition. 

if the polyolefin resin (0 is used in this amount, the composition having not only excellent impact resistance and cold 
resistance but also excellent rigidity, strength, heat resistance aid moldability can be obtained. 

The filler 00 is contained in an amount of 0 to 40 parts by weight preferably 0 to 30 parts by weight, based on 100 
parts by weight of the total of the resulting composition. If the filler (ii) is contained in this amount, the composition hav- 
45 ing excellent rigidity, surface appearance and heat resistance can be obtained. 

Further, to the a-olefin/conjugated diene copolymer composition, various additives, such as nucleating agents, 
antioxidants, hydrochloric add absorbers, heat stabilisers, light stabilizers, ultraviolet light absorbers, lubricants, anti- 
static agensts, flame retardants, pigments, dyes, dispersants, copper harm inhibitors, neutralizing agents, foaming 
agents, plasticizers, anti-foaming agents, crosslinWng agents, crossiinking aids, cross linking accelerators, flow property 
so improvers (eg., peroxide), weld strength improvers, processing aids, weathering stabilizers and blooming inhibitors, 
may be added in an amount not detrimental to the objects of the invention. These optional additives may be used in 
combination of two or more kinds. 

EFFECT OF THE INVENTION 

55 

The olefin polymerization catalyst according to the invention exhibits high polymerization activities on olefins. 
In the process for olefin polymerization according to the invention, an olefin (co) polymer of narrow molecular distri- 
bution can be produced with high polymerization activities. When an a-olefin and a conjugated diene are copolymer- 
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ized, a copolymer containing almost no 1 .2-cydopentane skeleton in the polymer chain can be produced. 

The novel transition metal compound according to the invention is useful for an olefin polymerization catalyst, and 
provides an olefin (co)polymer of narrow molecular weight distribution with high polymerization activities. 

The a-olef in/conjugated diene copolymer according to the invention has a narrow molecular weight distribution and 
contains almost no cycfopentane skeleton in the polymer chain. 



The present invention is further described with reference to the following examples, but H should be construed that 
the invention is in no way limited to those examples. 

Structures of the compounds obtained by Synthesis Examples were determined by 270MHz 1 H-NMR (GSH-270 of 
Japan Electron Optics Laboratory Co., Ltd.), FT-IR (SHIMAZU FTIR-8200D), FD-mass spectrometry (SX-102A of 
Japan Electron Optics Laboratory Co.. Ltd.). metal content analysts (SHIMAZU ICPS-8000. ICP method after dry ash- 
ing and dilute nitric acid dissolution), and carbon, hydrogen and nitrogen content analysis (CHNO type of Helaus Co.). 

Structures of the compounds A-1 and B-1 were further decided by X-ray crystal structure analysis. The measure- 
ment was made by effecting Mo-K a-ray irradiation using a Rigaku AFC7R tour-axis diffractometer. The structure anal- 
ysis was made by a direct method (SIR92), and the structure optimization was made in accordance with TeXan crystal 
structure analysis program 

Further, the intrinsic viscosity ft) was measured in decahydronaphthalene at 135 °C. The molecular weight distri- 
bution (Mw/Mn) was measured by the gas permeation chromatography (GPC) using o-dichlorobenzene as a solvent at 
140 °C. 

Specif ic syntheses of iigands are given below. 

Uflano! Synthesis Example 1 
Synthesis of liqan^gi) 

To a 100 ml reactor thoroughly purged with nitrogen, 40 ml of ethanol, 0.71 g (7.62 mmol) of aniline and 1 .35 g (7.58 
mmol) of 3-t-butylsalicyl aldehyde were introduced, and they were stirred at room temperature for 24 hours. The reaction 
solution was concentrated under reduced pressure to remove the solvent Then. 40 ml of ethanol was added again, and 
the mixture was stirred at room temperature for 12 hours. The reaction solution was concentrated under reduced pres- 
sure to obtain 1.63 g (7.23 mmol. yield: 95 %) of a compound represented by the following formula (L1) as an orange oil. 



EXAMPLE 




LI 



1 H-NMR (CDdg): 1.47 (s. 9H), 6.88 (dd, 1H). 7.24-7.31 (m, 4H), 7.38-7.46 (m, 3H), 8.64 (s, 1H), 13.95 (s. 1H) 
IR (neat): 1575, 1590. 1610 cm" 1 
FD-mass spectrometry: 253 
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To a 1 00 ml reactor thoroughly purged with nitrogen, 30 ml of ethanol, 1 .34 g (9.99 mmoJ) of a-naphthytamine and 
1 .40 g (7.86 mmof) of 3-t-butyteaJicylaHeriyde were introduced. After addition of 5 g of molecular sieves 3A, the mixture 
was stirred under reflux for 8 hours and then at room temperature for 1 2 hours. The reaction solution was concentrated 
under reduced pressure and the residue was purified using a silica gel column to obtain 2.35 g (7.75 mmd, 98 % yield) 
of a compound as an orange oil represented by the following formula (L2). 



1 H-NMR (CDCI3): 1.50 (s, 9H), 6.90-7.90 (m. 11H), 8.30-8.50 (m, 1H), 13.90 (s, 1H) 
FD-mass spectrometry: 303 

Moand Synthesis Example 3 

gynthesigpfliqand (13) 

To a 100 rd reactor thoroughly purged with nitrogen, 30 ml of ethanol. 0.90 g (12.0 mmoQ of t-butylarrtine and 1.78 
g (10.0 mmol) of 3-t-butylsalicytaldehyde were introduced. After addition of 5 g of molecular sieves 3A, the mixture was 
stirred at room temperature for 12 hours. The reaction solution was concentrated under reduced pressure and the res- 
idue was purified using a silica gel column to obtain 2.17 g (9.3 mmol. 93 % yield) of a compound as an fluorescent 
yellow oil represented by the following formula (L3). 




L2 




L3 



1 H-NMR (CDCB): 1.20 (s, 9H), 1.42 (s. 9H), 6.50-7.50 (m, 3H), 8.38 (s, 1H), 13.80 (s. 1H) 



FD-mass spectrometry: 233 



78 



EP0 874005A1 



Lioand Synthesis Examples 4 - 42 

Ligands L4 to L42 were synthesized in the similar manner as in the forgoing Ligand Synthesis Examples, 
The identification of their structures were made by 1 H-NMR and FD-mass spectrometry. 
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9 9°., 



L32 L33 



L34 



L3 5 



L38 L3 7 




L3 8 



t8u 
L39 



L40 L41 L42 

Specific syntheses of transition metal compounds according to the present invention are given below. 
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Synthesis of comoomxl A-1 

To a 300 ml reactor thoroughly dried and purged with argon. 1 .785 g (7.05 mmoQ of compound L1 and 100 ml of 
diethyl ether were introduced, and they were cooled to -78 *C and stirred. After 4.78 ml of n-butyllithium (1 .55 mmol/ml 

5 n-hexane solution, 7.40 mmol) was dropwise added over a period of 5 minutes, the temperature was slowly raised to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was slowly dropwise added to a mixture of 7.05 mi of a titanium tetrachloride solution (0.5 mmol/ml heptane 
solution, 3.53 mmol) and 40 ml of diethyl ether which had been been cooled to -78 °C. 

After the dropwise addition was completed, the temperature was slowly raised to room temperature with stirring. 

to After stirring for another 8 hours at room temperature, the reaction solution was filtered with a glass filter, and the result- 
ing solid was dissolved and washed with 50 ml of methylene chloride to remove insoluMes. The filtrate was concen- 
trated under reduced pressure, and the solid precipitated was dissolved in 10 ml of methylene chloride. To the solution 
was then slowly added 70 ml of pentane with stirring. The mixture was allowed to stand at room temperature to precip- 
itate red brown crystals. The crystals were separated by filtration with a glass filter, washed with pentane and then vac- 

15 uum dried to obtain 1 .34 g (2. 1 5 mmol, yield: 61 %) of compound A-1 represented by the following formula as red brown 
crystals. 



Compound A-1 

20 



25 



30 




35 

1 H-NMR (CDCI3): 1.35 (S. 18H). 6.82-7.43 (m. 16H), 8.07 (s, 2H) 
IR (KBr): 1550, 1590. 1600 cm* 1 
FD-mass spectrometry: 622 (M+) 
Elemental analysis: 

40 

Tn 7.7% (7,7) 

C: 65.8 % (65.5). H: 6.0 % (5.8), N: 4.5 % (4.5) 

Calculated values in pharentheses. 
45 Melting point: 265 *C 

X-ray crystal structure analysis: The structure of compound A-1 is shown in Fig. 3. 

Synthesis Example 2 

so Synthesis of compound B-1 

To a 200 ml reactor thoroughly dried and purged with argon, 1 .53 g (6.04 mmol) of compound L1 and 60 ml of tet- 
rahydrofuran were introduced, and they were cooled to -78 °C and stirred. After 4.1 ml of n-butyllithium (1 .55 mmol/ml 
n-hexane solution, 6.34 mmol) was dropwise added over a period of 5 minutes, the temperature was slowly raised to 
55 room temperature, and stirring was continued at room temperature for 4 hours. To the reaction solution was added 10 
ml of tetrahydrofuran, and the mixture was slowly added to a solution of 0.70 g of zirconium tetrachloride (purity: 99.9 
%. 3.02 mmol) in 30 ml of tetrahydrofuran which had bean cooled to -78 8 C. After the addition, the temperature was 
slowly raised to room temperature. The reaction solution was stirred for 2 hours at room temperature and then further 
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stirred for another 4 hours under reflux 

The reaction solution was concentrated under reduced pressure, and the solid precipitated was washed with 50 rrd 
of methylene chloride and f Stared with a glass filter to remove insdubies. The filtrate was concentrated under reduced 
pressure, and the solid precipitated was dissolved in 30 ml of diethyl ether. The solution was allowed to stand for one 
5 day at -20 *C in a nitrogen atmosphere to precipitate yellow crystals. The solid was separated by filtration, washed with 
hexane and then vacuum dried to obtain 1 .09 g (1 .63 mmol, yield: 54 %) of compound B-1 represented by the following 
formula as fluorescent yellow crystals. 

w Compound B-1 



1 H-NMR (CDCI3): 1.33 (S, 18H), 6.78-7.42 (m, 16H), 8.12 (s. 2H) 
IR (KBr): 1550. 1590, 1605 cm" 1 
30 FD-mass spectrometry: 664 (M+) 
Elemental analysis: 

Zr: 13.5% (13.7) 

C: 61.0 % (61.2). H: 5.5 % (5.4), N: 4.2 % (4.2) 

35 

Calculated values in pharentheses. 
Melting point: 287 *C 

X-ray crystal structure analysis: The structure of compound B-1 is shown in Fig. 4. 



Synthesis of compound C-1 

To a 100 rrd reactor thoroughly dried and purged with argon, 0.66 g (2.60 mmol) of compound (L1) and 8 ml of die- 
45 thyl ether were introduced, and they were cooled to -78 °C and stirred. After 1.81 ml of n-butyliithium (1 .55 mmot/mi n- 
hexane solution, 2.80 mmol) was drop wise added over a period of 5 minutes, the temperature was slowly raised to room 
temperature, and stirring was continued at room temperature for 2 hours. To the reaction solution was added 10 ml of 
tetrahydrofuran, and the mixture was slowly added to a solution of 0.385 g of hafnium tetrachloride (purity: 99.9 %, 3.02 
mmol) in 10 ml of tetrahydrofuran which had been cooled to -78 *C. After the addition, the temperature was slowly 
so raised to room temperature. The reaction solution was stirred for 2 hours at room temperature and then further stirred 
for another 2 hours under heating at 50 °C. 

The reaction solution was concentrated under reduced pressure, and the solid precipitated was washed with 20 rrd 
of methylene chloride and filtered with a glass fitter to remove insolubies. The filtrate was concentrated under reduced 
pressure, and the solid precipitated was reslurried in 10 ml of diethyl ether at room temperature for 1 hour and sepa- 
55 rated by filtration. The solid was washed with hexane and then vacuum dried to obtain 0.33 g (0.40 mmol, yield: 33 %) 
of compound C-1 represented by the following formula as fluorescent yellow white crystals. 



so 



15 




26 
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Compound C-l 




1 H-NMR (CDCI3): 1.30 (8. 18H), 6.70-7.50 (m, 16H), 8.18 (s, 2H) 
FD-mass spectrometry: 754 (M*) 
Elemental analysis: 

Hf: 23.5% (23.7) 

C: 54.4 % (54.2), H: 4.8 % (4.8), N: 3.6 % (3.7) 

Calculated values in pharentheses. 
Melting point: 277 »C 



Synthesis of cornownd-Bil 

To a 100 ml reactor thoroughly dried and purged with argon, 0.61 g (2.40 mmol) of compound (L1) and 10 ml of 
diethyl ether were introduced, and they were cooled to -78 °C and stirred. After 1 .61 mt ol n«buty1lftrtium (1 .55 mmol/ml 
n-hexane solution, 2.50 mmol) was dropwise added over a period of 5 minutes, the temperature was slowly raised to 
room temperature and stirring was continued at room temperature for 4 hours. The reaction solution was slowly added 
to a solution of 0.385 g of hafnium tetrachloride (purity: 99.9 %, 3.02 mmoJ) in 10 ml of diethyl ether which had been 
cooled to -78 °C. After the addition, the temperature was slowly raised to room temperature, and the reaction solution 
was stirred for 4 hours at room temperature. 

The reaction solution was concentrated under reduced pressure, and the solid precipitated was washed with 20 ml 
of methylene chloride and f fltered with a glass filter to remove insolubles. The fBtrate was concentrated under reduced 
pressure, and the solid precipitated was dissolved in 1 ml of diethyl ether. To the solution was slowly added 10 ml of 
hexane with stirring to precipitate black green solid. The solid was separated by filtration, reslurried and washed with 
hexane at room temperature for 1 hour and then vacuum dried to obtain 0.55 g (0.88 mmol, yield: 73 %) of compound 
D-1 represented by the following formula as a blue black powder. 
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Compound D-l 



5 



15 



10 




;vci 2 



20 



1 H-NMR (CDCy: immeasurable because of paramagnetic metal complex. 
FD-mass spectrometry: 625 (M+) 
Elemental analysis: 



V: 8.4% (8.1) 

C: 65.3 % (65.2), H: 5.5 % (5.8), N: 4.5 % (4.8) 



Calculated values in pharentheses. 




30 



Synthesis of compound E-1 

To a 100 ml reactor thoroughly dried and purged with argon, 0.61 g (2.40 mmol) of compound (L1) and 10 ml of 
diethyl ether were introduced, and they were cooled to -78 *C and stirred. After 1 .60 ml of n-butyl lithium (1 .55 mmol/ml 

35 n-hexane solution, 2.50 mmol) was dropwise added over a period of 5 minutes, the temperature was slowly raised to 
room temperature, and stirring was continued at room temperature for 4 hours. To the reaction solution was added 5 ml 
of tetrahydrofuran, and the mixture was slowly added to a solution of 0.34 g of niobium pentachloride (purity: 95 %, 1 .20 
mmol) in 10 ml of tetrahydrofuran which had been cooled to -78 °C. After the addition, the temperature was slowly 
raised to room temperature, and the reaction solution was stirred at room temperature for 15 hours. 

40 The reaction solution was concentrated under reduced pressure, and the solid precipitated was washed with 20 mi 
of methylene chloride and filtered with a glass filter to remove insolubles. The filtrate was concentrated under reduced 
pressure, and the solid precipitated was dissolved in 3 ml of diethyl ether. To the solution was slowly dropwise added 
12 ml of hexane at room temperature with stirring to precipitate black solid. The solid was separated by filtration, reslur- 
ried and washed with hexane at room temperature for 1 hour and then vacuum dried to obtain 0.36 g (0.51 mmol, yield: 

45 43%) of fluorescent yellow white compound E-1 represented by the following formula. 



so 



55 
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Compound E-l 



s 



15 



10 




NbCl 3 



20 



1 H-NMR (CDOj): 1.46 (s, 18H), 7.20-7.50 (m, 16H), 8.65 (6. 2H) 
FD-mass spectrometry: 702 (M+) 
Elemental analysis: 



26 



Nb: 13.0% (13.2) 

C: 58.4 % (58.0), H: 5.0 % (5.2), N: 3.9 % (4.0) 



Calculated values in pharenthesis 




30 



Synthesis of compound F-1 

To a 100 ml reactor thoroughly dried and purged with argon, 0.61 g (2.40 mmol) of compound (U1) and 10 ml of 
toluene were introduced, and they were cooled to -40 *C and stirred. To the mixture, 0.43 g of solid tantalum pentachlo- 

35 ride (purity: 99.99 %, 1 .20 mmol) was slowly added. After the addition, the temperature was slowly raised to room tem- 
perature, then further raised to 60 'C. and stirring was continued for 16 hours. 

To the reaction solution was added 30 ml of methylene chloride, and the insoJubles were filtered. The f atrate was 
concentrated under reduced pressure, and to the concentrate was added 8 ml of hexane to separate out an orange vis- 
cous oil. The oil portion was separated and dissolved in 1 ml of diethyl ether. To the solution was slowly dropwise added 

40 9 ml of hexane with stirring to precipitate bright yellow solid. The solid was separated by filtration, reslum'ed and washed 
hexane at room temperature for 1 hour and then vacuum dried to obtain 0.1 5 g (0.26 mmol, yield: 22 %) of compound 
F-1 represented by the following formula as a bright yellow powder. 



45 
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Compound F-l 



5 




to 



TaCl 4 



2 



15 



1 H-NMR (CDCI3): 1.50 (s. 9H). 6.80-7.75 (m, 8H), 8.23 (s, 1H) 
a> FD-mass spectrometry: 575 (M+) 
Elemental analysis: 

Ta: 31.0% (31.5) 

C: 58.4 % (58.0). H: 3.3 % (3.2), N: 4.5 % (4.8) 



Calculated values in p Parentheses. 

Synthesis Example 7 

30 Synthesis of compound a-3 

After charging 0.91 g (3.0 mmol) of compound L2 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78*C and stirred. After dropwise adding 1 .90 ml of n- 
butyl lithium (1 .54 mmolArtl n-hexane solution, 3.3 mmol) over 5 minutes, the temperature was slowly increased to room 

35 temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The solution 
was cooled to -78°C and then slowly added dropwise to a mixture of 3.0 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1 .50 mmol) and 10 ml of diethyl ether. After completion of the dropwise addition, stirring was 
continued while slowly increasing the temperature to room temperature. After further stirring lor 8 hours at room tem- 
perature, the reaction solution was filtered with a glass filter. The resulting solid was dissolved and washed in 50 ml of 

40 methylene chloride, and the insoluble portion was removed by filtration. The filtrate was concentrated under reduced 
pressure, and the deposited solid was repreciprtated with diethyl ether and hexane and dried under reduced pressure 
to obtain 0.53 g (0.73 mmol, 49% yield) of compound A-2 as dark brown crystals represented by the formula given 
below. 



45 



50 
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Compound A- 2 




1 H-NMR(CDCl3): 0.86 (s,18H), 6.85-7.05 (m,6H), 7.15-7.30 (m.4H), 7.35-7.90 (m,10H), 8.45 (s.2H) 
FD-mass spectrometry: 722 (M+) 

Elemental analysis: Ti: 6.6% (6.6) C: 69.9% (69.7), H: 5.5% (5.6). N: 3.4% (3.9) 
Calculated values in parentheses. 



Syndesis of compound B-2 

After charging 0.91 g (3.0 mmol) of compound 12 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwfse adding 1 .94 ml of rv 
butyllrthium (1 .55 mmoi/ml n-hexane solution, 3.0 mmoO over 5 minutes, the temperature was slowly increased to room 
temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The solution 
was then slowly added dropwtse to a 10 ml tetrahydrofuran solution containing zirconium tetrachloride (0.35 g, 1.50 
mmof) which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 8 hours at room temperature, the reaction 
solution was concentrated to dryness, the residue was dissolved and washed in 50 ml of methylene chloride, and then 
the insoluble portion was removed by filtration. The f fltrate was concentrated under reduced pressure, and the depos- 
ited solid was reprecipitated with diethyl ether and hexane and dried under reduced pressure to obtain 0.21 g (0.73 
mmol, 1 8% yield) of compound B-2 as yellow crystals represented by the formula given below. 



Compound B-2 
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1 H-NMR(CDOj): 1.11-1.70 (m,18H), 6,80-8.30 (m,20H). 8.33-8.48 (m.2H) 
FD-mass spectrometry: 766 (M+) 
Elemental analysis: Zr: 12.1% (1 1.9) 
Calculated value in parentheses. 

5 

Synthesis Example 9 

Synthesis of rempQvnrt A-3 

io After charging 0.70 g (3.0 mmol) of compound L3 and 30 ml oi diethyl ether into a 1 00 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .90 ml of n- 
butyl lithium (1.54 mmol/mi n-hexane solution, 3.3 mmol) over 5 minutes, the temperature was slowly increased to room 
temperature and stirring was continued for 4 hours at room temperature to prepare a lithium satt solution. The solution 
was cooled to -78°C and then 3.0 ml of a titanium tetrachloride solution (0.5 mmd/ml heptane solution, 1 .50 mmol) was 

15 slowly added dropwise. After completion of the dropwise addition, stirring was continued while slowly increasing the 
temperature to room temperatura After further stirring for 15 hours at room temperature, the reaction solution was fil- 
tered with a glass filter. The resulting solid was dissolved and washed in 50 ml of methylene chloride, and the insoluble 
portion was removed by filtration. The filtrate was concentrated under reduced pressure, and the deposited solid was 
reprectpHated with diethyl ether and hexane and dried under reduced pressure to obtain 0. 1 5 g (0.26 mmol, 1 7% yield) 

20 of compound A -3 as yellow brown crystals represented by the formula given below. 




^-NMRTCDCIs): 1.20 (S.18H), 1.41 (S.18H) 6.85-7.05 (m,2H), 7.20-7.80 (m, 4H), 8.58 (S, 2H) 
FD-mass spectrometry: 582 (M+) 
AO Elemental analysis: 71: 8.2% (8.2) 

C: 62.1% (61.8). H: 7.1% (7.6), N: 4.7% (4.8) 
Calculated values in parentheses. 



45 

Synthesis of compound B-3 

After charging 0.70 g (3.0 mmol) of compound L3 and 30 mi of tetrahydrofuran into a 100 ml reactor which had 
been adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.90 

so ml of n -butyl lithium (1 .54 mmol/ml n-hexane solution, 3.3 mmol) over 5 minutes, the temperature was slowly increased 
to room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -78'C and solid zirconium tetrachloride (0.38 g, 1.65 mmol) was added. After completion of the 
addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring foi- 
ls hours at room temperature, the solvent was distilled off from the reaction solution, the resulting solid was dissolved 

55 and washed in 50 ml of methylene chloride, and the insoluble portion was removed by filtration. The filtrate was con- 
centrated under reduced pressure, and the deposited solid was repredprtated with methylene chloride and hexane and 
dried under reduced pressure to obtain 0.31 g (0.50 mmol. 30% yield) of compound B-3 as a yellow powder repre- 
sented by the formula given below. 
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Compound B-3 




ZrCl 2 



1 H-NMR(CDCl3): 1.34 (s,18H), 1.44 (6.18H), 6.79 (dd.2H), 7.11 (d,2H), 7.27 (d,2H). 8.34 (s.2H) 
FD-mass spectrometry: 626 (M+) 
Elemental analysts: Zr: 15.0% (14.6) 
C: 52.9 (57.5). H: 7.2 (7.1), N: 4.7 (4.8) 
Calculated values In parentheses. 

Synthesis Sample 11 

Synthesis of compound A-4 

After charging 0.50 g (2.02 mmol) erf compound L4 and 30 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .36 ml of n- 
butyllrthium (1.54 mmol/ml n-hexane solution, 2.09 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -78°C, and then 2.00 ml of a titanium tetrachloride solution (0.5 mmol/ml heptane solution, 1 .00 
mmol) was slowly added dropwise. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 8 hours at room temperature, the reaction 
solution was filtered with a glass filter. The resulting solid was dissolved and washed in 50 ml of methylene chloride, and 
the insoluble portion was removed by filtration. The filtrate was concentrated under reduced pressure, and the depos- 
ited solid was reprecipitated with methylene chloride and hexane and dried under reduced pressure to obtain 0.34 g 
(0.56 mmol, 56% yield) of compound A-4 as a dark brown powder represented by the formula given below. 



Compound A-4 
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1 H-NMR(CDCl3): 7.00-7.90 (rn.22H), 8.35-8.55 (m,2H) 
FD-mass spectrometry: 610 (M+) 
Elemental analysis: H: 7.8% (7.8) 
C: 62.4% (66.8), H: 4.9% (4.4), N: 4.2% (4.6) 
5 Calculated values in parentheses. 

Synthesis Example 12 

Synthesis of compound B-4 

JO 

After charging 0.46 g (1.86 mmol) of compound L4 and 30 ml of diethyl ether into a 100 m) reactor which had been 
adequately dried and substituted with argon, they were cooled to -78*C and stirred. After dropwise adding 1.30 ml of n- 
butylOthium (1.54 mmot/ml n-hexane solution, 2.00 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 

is solution was cooled to -78°C, and then solid zirconium tetrachloride (0.21 g, 0.91 mmol) was added. After completion 
of the addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring 
for 16 hours at room temperature, 20 ml of diethyl ether was added end the insoluble portion was removed with a glass 
filter. The f fltrate was concentrated under reduced pressure, and the deposited solid was reprecipitated with diethyl 
ether and hexane and dried under reduced pressure to obtain 0.25 g (0.38 mmol. 42% yield) of compound B-4 as a yel- 

20 low-brownish green powder represented by the formula given below. 



Compound B-4 



30 



35 




'H-NMRfCDCIa): 6.90-795 (m,22H), 8.40^8.60 (m,2H) 
FD-mass spectrometry: 652 (M+) 
45 Elemental analysis: Zr : 1 4.3% (1 3.9) 
Calculated value in parentheses. 

Synthesis Example 13 

so Synthesis of compound A-5 

After charging 0.83 g (3.00 mmol) of compound L5 and 30 ml of diethyl ether into a 1 00 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.00 ml of n- 
butyllithium (1.54 mmol/m) n-hexane solution, 3.08 mmol) over 5 minutes, the temperature was slowly increased to 
55 room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -7Q 9 C t and then 3.00 ml of a titanium tetrachloride solution (0.5 mmol/ml heptane solution, 1 .50 
mmol) was slowly added dropwise. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the reaction 
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solution was filtered with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid 
was reprecipitated with methylene chloride and hexane and dried under reduced pressure to obtain 0.07 g (0. 10 mmol, 
7% yield) of compound A-5 as an ocher powder represented by the formula given below. 



Compound A-5 




FD-mass spectrometry: 666 (M+) 
Elemental analysis: Ti: 7.3% (7.2) 
Calculated value in parentheses. 

Synthesis. Example 14 

Synthesis of compound P-5 

After charging 0.50 g {1.82 mmol) of compound L5 and 15 ml of tetrahydrofuran into a 100 ml reactor which had 
been adequately dried and substituted with argon, they were cooled to -78°C and stirred. After drop wise adding 1 .36 
ml of n-butyllithium (1 .54 mmoi/ml n-hexane solution. 2.09 mmol) over 5 minutes, the temperature was slowly increased 
to room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -78°C and then a 10 ml tetrahydrofuran solution containing a zirconium tetrachloride • 2THF 
complex (0.38 g, 1.00 mmol) was added dropwise. After completion of the dropwise addition, stirring was continued 
while slowly increasing the temperature to room temperature. After further stirring for 1 0 hours at room temperature and 
4 hours at 50°C, the insoluble portion was removed with a glass f flter. The filtrate was concentrated under reduced pres- 
sure, and the deposited solid was reprecipitated with methylene chloride, diethyl ether and hexane and dried under 
reduced pressure to obtain 0.04 g (0.05 mmol, 5% yield) of compound B-5 as a yellow-brownish green powder repre- 
sented by the formula given below. 
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Compound B-5 




20 FD-mass spectrometry: 710 

Elemental analysis: Zr: 13.3% (12.8) 
Calculated value in parentheses. 

Synthesis Example 15 

25 

Synthesis of compound A-6 

After charging 0.93 g (3.01 mmof) of compound L6 and 30 ml of diethyl ether into a 1 00 m) reactor which had been 
adequately dried and substituted with argon, they were cooled to -78»C and stirred. After dropwise adding 2.1 ml of n- 

30 butyllithium (1.54 rnmol/ml n-hexane solution, 3.23 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -78°C and then 3.0 ml of a titanium tetrachloride solution (0.5 mmol/ml heptane solution, 1 .50 
mmol) was slowly added dropwise. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the reaction 

35 solution was f Btered with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid 
was recrystallized with hexane at -78°C and dried under reduced pressure to obtain 0.41 g (0.56 mmol, 37% yield) of 
compound A-6 as a brown powder represented by the formula given below. 




55 

1 H-NMR(CDa 3 ): 1.21 (S.18H), 1.30 (S.18H), 6.70-7.70 (m.14H), 8.08 (s,2H) 
FD-mass spectrometry: 734 (M+) 
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Elemental analysis: Ti: a6% (6.5) 

C: 67.9% (68.6), H: 7.4% (7.1), N: 3.9% (3.8) 

Calculated values in parentheses. 

5 Synthesis Example 15 

Synthesis of compound Bd3 

After charging 0.93 g (3.01 mmol) of compound L6 and 30 ml of diethyl ether into a 1 00 ml reactor which had been 
io adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.1 ml of n- 
butylltthium (1.54 mmol/ml n-hexane solution, 3.23 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued tor 4 hours at room temperature to prepare a lithium salt solution. The 
solution was coded to -78*C and then soOd zirconium tetrachloride (0.35 g, 1 .50 mmol) was added. After completion of 
the addition, Stirring was continued while slowly increasing the temperature to room temperature. After further stirring 
is for 1 4 hours at room temperature. 20 ml of methylene chloride was added, and the insoluble portion was removed with 
a glass fitter. The filtrate was concentrated under reduced pressure, and the deposited solid was recrystaJIized with hex- 
ane at -78°C and dried under reduced pressure to obtain 0.55 g (0.71 mmol, 47% yield) of compound B-6 as a brownish 
green powder represented by the formula given below. 

20 

Compound B-6 



25 



30 




'H-NMRfCDCIa): 1.20-1.80 (m,36H), 6.70-7.70 (m.14H), 7.80-7.90 (m,2H) 
FD-mass spectrometry: 776 (M+) 
Elemental analysis: Zr: 1 1 .2% (1 1 .7) 
40 Calculated value in parentheses. 



Synthesis of compound A-7 

45 

After charging 1 .0 g (3.66 mmol) of compound L7 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78*C and stirred. After dropwise adding 2.48 ml of n- 
butyllithium (1 .55 mmd/rnl n-hexane solution, 3.84 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 

so solution was then slowly added dropwise to a mixture of 3.66 ml of a titanium tetrachloride solution (0.5 mmol/ml hep- 
tane solution, 1 .83 mmol) and 20 ml of diethyl ether which had been cooled to -78°C. After completion of the dropwise 
addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring for 
1 5 hours at boom temperature, the reaction solution was filtered with a glass filter. The filtrate was concentrated under 
reduced pressure, and the deposited solid was reslurried with hexane. The slurry was filtered to remove the solvent, 

55 and the solid was dried under reduced pressure to obtain 0.95 g (1 .43 mmol, 78% yield) of compound A-7 as a brown 
powder represented by the formula given below. 
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Compound A-7 




1 H-NMR(CDa3): 6.90-7.90 (m,26H), 8.00 (s.2H) 
FD-mass spectrometry: 662 (M+) 
Elemental analysis: 71: 6.5% (6.5) 
C: 62.0% (62.2), H: 3.7% (3.8), N: 3.8% (3.8) 
Calculated values in parentheses. 

Synthesis Example 19 

Synthesis of co.mpp.unti B-7 

After charging 1 .0 g (3.66 mmol) of compound L7 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.48 mi of rv 
butyliithium (1.55 mmot/mJ n-hexane solution, 3.84 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixture of zirconium tetrachloride (0.41 g, 1 .77 mmol) in 30 ml of diethyl ether 
cooled to -78*C. After completion of the dropwise addition, stirring was continued while slowly increasing the tempera- 
ture to room temperature. After further stirring for 15 hours at room temperature, 20 ml of methylene chloride was 
added, and the insoluble portion was removed with a glass filter. The filtrate was concentrated under reduced pressure, 
and the deposited solid was resf urried with hexane. The slurry was filtered to remove the solvent and the solid was dried 
under reduced pressure to obtain 0.94 g (1 .33 mmol. 73% yield) of compound B-7 as a yellow green powder repre- 
sented by the formula given below. 
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Conipound B-7 




'H-NMRfCDQg): 7.00-7.90 (m.26H), 8.20 (s,2H) 
FD-mass spectrometry: 704 (M+) 
Elemental analysis: Zr: 11,5% (11.7) 
Calculated values in parentheses. 

Synthesis Example 19 

Synthesis of compound A-8 

After charging 1 .0 g (2.93 mmoJ) of compound L8 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.0 ml of n- 
butyiiithium (1.55 mmol/ml n-hexane solution, 3.10 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixture containing 2.9 mi of a titanium tetrachloride solution (0.5 mmol/ml 
heptane solution, 1 .45 mmol) and 20 ml of diethyl ether which had been cooled to ~78*C. After completion of the drop- 
wise addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring 
for 15 hours at room temperature, the reaction solution was filtered with a glass filter. The filtrate was concentrated 
under reduced pressure, and the deposited solid was reslurried with hexane. The slurry was filtered to remove the sol- 
vent and the solid was dried under reduced pressure to obtain 1 .06 g (1 .33 mmol, 91% yield) of compound A-8 as a 
brown powder represented by the formula given below. 
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Compound A- 8 



20 



s 



10 




£TiCl 2 



^-NMRfCDCIa): 0.90-1.70 (m,18H), 3.40-3.80 (m,4H), 7.00-7.70 (m,20H). 7.80-8.20 (m,2H) 
FD-mass spectrometry: 798 (M+) 
25 Elemental analysis: 71 : 6.0% (6.0) 
Calculated value in parentheses. 

Synthesis Example 20 

so Syndesis pjcorroung; B-e 

After charging 1.0 g (2.93 mmol) of compound 18 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.0 ml of n- 
butyllithium (1.55 mmolAnl n-hexane solution. 3.10 mmol) over 5 minutes, the temperature was slowly increased to 

35 room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixture of zirconium tetrachloride (0.34 g, 1 .44 mmol) in 20 ml of diethyl ether 
which had been ceded to -78*C. After completion of the dropwise addition, stirring was continued while slowly increas- 
ing the temperature to room temperature. After further stirring for 8 hours at room temperature, 20 ml of diethyl ether 
was added, and the insoluble portion was removed with a glass filter. The f fltrate was concentrated under reduced pres- 

40 sure, and the deposited solid was reslurried with hexane. The slurry was filtered to remove the solvent and the solid was 
dried under reduced pressure to obtain 1 .02 g (1 .21 mmol. 83% yield) of compound B-8 as a yellow green powder rep- 
resented by the formula given below. 



45 



SO 



55 
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Compound B-8 




25 1 H-NMRfCDQa): 0.90-1 .80 (m,18H), 3.40-3.90 (m,4H), 6.40-7.90 (m,20H), 8.00-8.30 (m,2H) 
FD-mass spectrometry: 842 (M+) 
Elemental analysis: Zr: 1 1 .1% (10.8) 
Calculated value in parentheses. 

Synthesis of compound A-9 

After charging 0.50 g (1 .23 mmol) of compound L9 and 15 ml of diethyl ether into a 1 00 ml reactor which had been 
35 adequately dried and substituted with argon, they were cooled to -78°C and stirred. After drop wise adding 0.84 ml of n- 
butytlithium (1.55 mmoJ/ml n-hexane solution, 1.30 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowty added dropwise to a mixed solution containing 1.2 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 0.60 mmol) and 15 ml of diethyl ether which had been cooled to -78°C. After completion of 
40 the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 8 hours at room temperature, the reaction solution was ffltered with a glass filter. The filtrate was concen- 
trated under reduced pressure, and the deposited solid was reslurried with hexane. The slurry was filtered to remove 
the solvent and the solid was dried under reduced pressure to obtain 0.33 g (0.36 mmol, 58% yield) of compound A-9 
as a brown powder represented by the formula given below. 

45 
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Compound A- 9 




1 H-NMR(CDCI 3 ): 1.70-1.90 {m.18H), 6.60-7.80 (m,34H) 
FD-mass spectrometry: 926 (M+) 
ElemerrtaJ analysis: Ti: 5.3% (5.2) 
Calculated value in parentheses. 

Synthesis Example 22. 

Synthesis of compound B-9 

After charging 0.50 g (1 .23 mmol) of compound L9 and 15 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After drop wise adding 0.84 ml of n- 
butyl lithium (1.55 mmol/ml n-hexane solution, 1.30 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then stowfy added drop wise to a mixed solution ol zirconium tetrachloride (0.14 g, 0.60 mmol) and 15 ml 
of diethyl ether which had been cooled to -78*C. After completion of the dropwise addition, stirring was continued while 
slowly increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the sol- 
vent was distilled off. the resulting solid was dissolved in 50 ml of methylene chloride and 10 ml of diethyl ether, and 
then the insoluble portion was removed with a glass filter. The filtrate was concentrated under reduced pressure, and 
the deposited solid was reslurried with hexane. The slurry was filtered to remove the solvent and the solid was dried 
under reduced pressure to obtain 0. 19 g (0.20 mmol, 32% yield) of compound B-9 as a light yellow powder represented 
by the formula given below. 
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Compound B-9 



20 



5 



15 



10 




;ZrCl 2 



25 



1 H-NMR(CDCl3): 1.28-1.52 (m,18H), 6.70-7.76 (m.34H) 
FD-mass spectrometry: 970 (M+) 
so Elemental analysis: Zr: 9.6% (9.4) 
Calculated value in parentheses. 

Synthesis Example, 23 

ss Synthesis of compound A-1 Q 

After charging 0.32 g (1 .03 mmd) of compound L1 0 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 0.77 ml of n- 
butyliithium (1.55 mmol/rnf n-hexane solution, 1.19 mmoQ over 5 minutes, the temperature was slowly increased to 

40 room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a solution containing 1 .0 ml of a titanium tetrachloride solution (0.5 mmolAnl 
heptane solution, 0.50 mmol) and 10 ml of diethyl ether which had been cooled to -78°C. After completion of the drop- 
wise addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring 
for 15 hours at room temperature, the reaction solution was filtered with a glass filter. The filtrate was concentrated 

45 under reduced pressure, and the deposited solid was reprecipitated with methylene chloride and hexane and dried 
under reduced pressure to obtain 0. 16 g (0.22 mmol, 43% yield) of compound A-10 as a brown powder represented by 
the formula given below. 



50 
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1 H-NMR{CDCl3) : O.4O-0.90 (m.30H), 6.60-7.80 (m,18H) 
FD-mass spectrometry: 739 (M+) 
ElementaJ analysis: Ti: 5.3% (5.2) 
Calculated value in parentheses. 



SYrnh^igPtwrnpour^ A-11 



After charging 0.68 g (2.40 mmol) of compound L1 1 and 30 ml of diethyl ether into a 100 ml reactor which had been 
so adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .49 ml of rv 
butyllithium (1.61 mmol/ml n-hexane solution, 2.40 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a solution containing 2.4 ml of a titanium tetrachloride solution (0.5 mmol/ml 
heptane solution, 1 .20 mmof) and 15 ml of diethyl ether which had been cooled to -78°C. After completion of the drop- 
ss wise addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring 
for 1 5 hours at room temperature, the solvent of the reaction solution was distilled off. the resulting solid was dissolved 
in 50 ml of methylene chloride, and the insoluble portion was filtered off with a glass filter. The filtrate was concentrated 
under reduced pressure, and the deposited solid was reprectpitated with methylene chloride and hexane at 0°C and 
dried under reduced pressure to obtain 0.37 g (0.54 mmol, 45% yield) of compound A-11 as a red brown powder. 

40 
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'H-rWRfCDCy: 1.20-1.40 (m,9H), 1.50-1.55 (m,9H), 3.70-3.85 (m,6H), 6.52-7.40 (m,14H), 8.05-8.20 (m,2H) 
FD-mass spectrometry: 682 (M+) 
Elemental analysis: 71: 7.0% (7.0) 
Calculated value in parentheses. 

5 

Synthesis Example 25 
Synthesis of compound p-n 

10 After charging 0.64 g (2.26 mmd) of compound L1 1 and 20 ml of diethyl ether Into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .40 ml of n- 
butytlithium (1.61 mmolAnl n-hexane solution, 2.26 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a solution of zirconium tetrachloride • 2THF (0.42 g, 1 .10 mmol) in 20 ml of 

15 tetrahydrofuran which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while 
slowly increasing the temperature to room temper atura After further stirring for 15 hours at room temperature, the sol- 
vent of the reaction solution was distilled off. The resulting solid was dissolved in 50 ml of methylene chloride, and the 
insoluble portion was filtered off with a glass filter. The filtrate was concentrated under reduced pressure, and the 
deposited solid was reprecipitated with methylene chloride and hexane and dried under reduced pressure to obtain 

20 0.25 g (0.34 mmol, 31% yield) of compound B-1 1 as a yellow green powder represented by the formula given below. 




40 1 H-NMR(CDCI 3 ): 1.20-1.60 (m,18H), 3.66-3.86 (m,6H), 6.50-7.50 (m,14H), 8.05-8.20 (m,2H) 
FD-mass spectrometry: 726 (M+) 
Elemental analysis: Zr: 12.4% (12.6) 
Calculated value in parentheses. 



Synthesis of rarnuoAjnd A- 12 

After charging 1 .0 g (2.31 mmol) of compound L1 2 and 20 ml of diethyl ether into a 1 00 mi reactor which had been 
so adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .56 ml of n- 
butyllithium (1 .55 mmol/ml n-hexane solution, 2.42 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued tor 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 2.3 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1.15 mmol) and 20 ml of diethyl ether which had been cooled to -78°C. After completion of 
55 the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 15 hours at room temperature, the insoluble portion was filtered off with a glass filter. The filtrate was con- 
centrated under reduced pressure, and the deposited solid was reslurried with hexane. The slurry was filtered to 
remove the solvent and the solid was dried under reduced pressure to obtain 0.45 g (0.45 mmol. 40% yield) of com- 
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pound A-12 as a red brown powder. 



Compound 



A-12 



Ph' 




Ph 



i;TiCl 2 



1 H-NMR(CDaa): 1.30-2.20 (m,24H), 6.20-7.40 (m,34H), 7.50-7.70 (m,2H) 
FD-mass spectrometry: 982 (M+) 
Elemental analysis: Ti: 5.0% (4.9) 
Calculated value in parentheses. 

Synthesis Example 27 

Svnthesjs of compound B-12 

After charging 1 .0 g (2.31 mmol) of compound L1 2 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .56 ml of n- 
butyilithium (1 .55 mmd/ml n-hexane solution, 2.42 mmol) over 5 minutes, the temperature was slowty increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution of zirconium tetrachloride (0.27 g, 1 .15 mmol) and 20 ml 
of diethyl ether which had been cooled to -78'C. After completion of the dropwise addition, stirring was continued while 
. slowty increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the insol- 
uble portion was removed with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited 
solid was reprecipitated with diethyl ether, hex arte, heptane and pentane, resJurried and washed, and then dried under 
reduced pressure to obtain 0.02 g (0.02 mmol, 1% yield) of compound B-12 as a yellow green powder represented by 
the formula given below. 



Compound B-12 



Ph' 
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1 H-NMR(CDCl3): 1-20-2.10 (m,24H). 6.20-7.40 (m.34H), 7.50^8.00 (m.2H) 
FD-mass spectrometry: 1026 (IvW) 
Semerrtal analysis: Zr: 9.1% (8.9) 
Calculated value in parentheses. 



Synthesis ol cpmpwnd A-13 



Alter charging 1.10 g (3.26 mmol) of compound L13 and 22 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.2 ml of n- 
butyliithium (1.55 mrnol/ml n-hexane solution, 3.41 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 3.26 ml of a titanium tetrachloride solution (0.5 
mmoiyml heptane solution, 1.13 mmol) and 22 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 15 hours at room temperature, the solvent of the reaction solution was distilled off. the insoluble portion of 
the reaction solution was filtered off with a glass f Bter. The filtrate was concentrated under reduced pressure, and the 
deposited solid was reprecipitated with diethyl ether and pentane and dried under reduced pressure to obtain 0.22 g 
(0.28 mmol. 17% yield) of compound A- 13 as a red brown powder. 



• Compound A- 13 




1 H-NMR(CDCl3): 0.60-2.41 (m.44H), 6.70-7.60 (m.34H), 7.91-8.10 (m.2H) 
FD-mass spectrometry: 790 (M+) 
Elemental analysis: Ti: 6.3% (6.1) 
Calculated value in parentheses 



of compound 



After charging 1 .03 g (3.02 mmol) of compound L13 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.0 ml of n- 
butytlithium (1.55 mmol/ml n-hexane solution, 3.10 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution of zirconium tetrachloride (0.35 g, 1 .50 mmd) and 20 ml 
of diethyl ether which had been cooled to -78 , C. After completion of the dropwise addition, stirring was continued while 
slowly increasing the temperature to room temperature. After further stirring for 1 5 hours at room temperature, the insol- 
uble portion was removed with a glass filter. The filtrate was concentrated under reduced pressure, the deposited solid 
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30 



was recrystallized with pentane and dried under reduced pressure to obtain 0.27 g (0.32 rnmoi, 21% yield) of compound 
B-13 as a yellow green powder represented by the formula given below. 



Compound B-13 




1 H-NMR(CDCi3): 0.30-2.32 (m,44H). 6.70-7.60 (m,14H). 7.90-8.20 (m,2H) 
FD-mass spectrometry: 834 (M+) 
Elemental analysis: Zr: 10.9% (10.9) 
Calculated value in parentheses. 



re? of compound A-14 

After charging 0.98 g (2.97 rnmol) of compound L1 4 and 30 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.0 ml of n- 
butyllithium (1.61 rnmol/ml n-hexane solution, 3.22 rnmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 3.0 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1.50 mmoQ and 15 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 15 hours at room temperature, the insoluble portion of the reaction solution was filtered off, the filtered sub- 
stance was dissolved in 30 ml of diethyl ether and 50 ml of methylene chloride, and the insoluble portion was filtered off 
with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid was recrystailized with 
diethyl ether and dried under reduced pressure to obtain 0.66 g (0.85 rnmol, 57% yield) of compound A-14 as a dark 
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Compound A- 14 



5 




10 



TiCL 2 



is 



Ph' 



20 



1 H-NMR(COCl3): 1 .41 (S.18H), 6.70-7.90 (m.24H), 8.18 (s.2H) 



FD-mass spectrometry: 774 (M+) 
Elemental analysis: Tl: 6.2% (65) 
Calculated value in parentheses. 



Synthesis Example 31 

Synthesis of compound B-14 

30 After charging 1.01 g (3.05 mmol) of compound L1 4 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.0 ml of n- 
butyilithium (1.61 rnmd/ml n-hexane solution, 3.22 mmof) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a tetrahydrofuran solution containing zirconium tetrachloride (0.36 g, 1 .52 

35 mmol) which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 8 hours at room temperature, the insoluble por- 
tion was removed with a glass filter. The filtrate was concentrated to dryness, and the deposited solid was reprecipitated 
with methylene chloride and hexane and dried under reduced pressure to obtain 0.61 g (0.74 mmol, 49% yield) of com- 
pound B-14 as a fluorescent yellow powder represented by the formula given below. 



Compound 



B-14 



so 



45 



Ph' 




55 



1 H-NMR{CDCl3): 1.41 (s,18H), 6.80-7.90 (m,24H), 8.24 (s.2H) 
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FD-mass spectrometry: 818 (M+) 
aemental analysis: 2r: 1 1 .0% (1 1 .1) 
Calculated value in parentheses. 

Synthesis Sample 32 

Synthesis of cgmpoiffKl rV15 

After charging 0.40 g (1 .01 mmol) of compound LI 5 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 0.77 ml of n- 
butyl lithium (1.55 mmd/ml n-hexane solution, 1.19 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 1 .0 ml of a titanium tetrachloride solution (0.5 
mmol/mi heptane solution, 0.50 mmol) and 10 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 15 hours at room temperature, the insoluble portion was filtered off with a glass filter. The filtrate was con- 
centrated under reduced pressure, and the deposited solid was reprecipitated with diethyl ether and hexane and dried 
under reduced pressure to obtain 0.19 g (0.21 mmol. 42% yield) of compound A-15 as a red brown powder. 



Compound A-15 




1 H-NMR(CDCl3): 0.60-1.30 (m,6H), 6.50-7.80 (m,36H), 7.80-7.90 (m,2H) 
FD-mass spectrometry: 900 (M+) 
Elemental analysis: Ti: 5.5% (5.3) 
Calculated value in parentheses. 

Synthesis Example 33 

Synthesis of compound B-15 

After charging 0.40 g (1 .02 mmol) of compound L1 5 and 10 ml of tetrahydrofuran into a 100 ml reactor which had 
been adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 0.77 
ml of n-butyllHhium (1 55 mmcxVmJ n-hexane solution, 1.19 mmol) over 5 minutes, the temperature was slowly increased 
to room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. After 
cooling the solution to -78°C, solid zirconium tetrachloride (0.12 g, 0.50 mmol) was added. After completion of the addi- 
tion, stirring was continued while slowly increasing the temperature to room temperature. After further stirring for 15 
hours at room temperature, the solvent of the reaction solution was distilled off. The resulting solid was dissolved in 50 
ml of methylene chloride, and the insoluble portion was removed with a glass fitter. The filtrate was concentrated under 
reduced pressure, and the deposited solid was reprecipitated with diethyl ether and hexane and dried under reduced 
pressure to obtain 0.20 g (0.21 mmol, 42% yield) of compound B-15 as a grayish white powder represented by the for- 
mula given below. 
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Compound B-15 



5 



10 





ZrCl 2 



15 



SiPh 2 Me 



20 



1 H-NMR(CDCl3): 0.70-1.00 (m,6H), 6.60-7.60 (m,36H), 7.70-7.80 (m,2H) 



FD-mass spectrometry: 944 (M+) 
Elemental analysis: Zr: 9.4% (9.6) 
Calculated value In parentheses. 



25 




Syndesis of cpmpwrtf <H6 

After charging 1.0 g (4.73 mmd) of compound L16 and 20 ml of diethyl ether into a 100 ml reactor which had been 
30 adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 3.2 ml of n- 
butyllithium (1.55 mmot/ml n-hexane solution, 4.96 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued tor 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then siowty added dropwise to a mixed solution containing 4.7 ml of a titanium tetrachloride solution (0.5 
mmolAm heptane solution, 2.35 mmol) and 20 ml of diethyl ether which had been cooled to -78°C. After completion of 
55 the dropwise addition, stirring was continued while siowty increasing the temperature to room temperature. After further 
stirring for 15 hours at room temperature, the reaction solution was f fltered, and the filtered substance was tissotved in 
50 ml of methylene chloride. The insoluble portion was removed, the filtrate was concentrated under reduced pressure, 
and the deposited solid was reprecipHated with methylene chloride and hexane and dried under reduced pressure to 
obtain 0.96 g (1 .78 mmol, 75% yield) of compound A-16 as a pale brown powder. 



40 



Compound A-16 



so 



45 




55 
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1 H-NMR(CDCl3): 1.90 (S.6H), $.50-7.30 (m,16H). 7.90 (s£H) 
FD-mass spectrometry: 538 (M+) 
Elemental analysis: 71: 9.0% (8.9) 
Calculated value in parentheses. 

Synthesis Example 35 

Synthesis of cofnpwnti p-i§ 

After charging 1 .0 g (4.73 mmol) of compound L16 and 20 mi of diethyl ether into a 1 00 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 3.2 ml of n- 
butyl lithium (1.55 mmol/ml n-hexane solution, 4.96 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixed solution of zirconium tetrachloride (0.55 g, 2.36 mmol) and 20 ml of diethyl 
ether which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the reaction 
solution was filtered off. The solvent of the filtrate was distilled off, and the resulting solid was recrystallized with diethyl 
ether, methylene chloride and hexane and dried under reduced pressure to obtain 0.49 g (0.84 mmol, 36% yield) of 
compound B-1 6 as a yellow green powder represented by the formula given below. 



1 H-NMR(CDCl3): 2.00 (S.6H), 6.40-7.40 (m.16H), 8.10 (S.2H) 
FD-mass spectrometry: 582 (M+) 
Elemental analysis: Zr: 15.9% (15.7) 
Calculated value in parentheses. 



Synthesis of wrnpourxj A-1 7 

After charging 1.0 g (2.77 mmol) of compound L1 7 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .87 ml of n- 
butyl lithium (1.55 mmot/ml n-hexane solution, 2.90 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 2.76 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1 .38 mmol) and 20 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 15 hours at room temperature, the insoluble portion was filtered off with a glass filter. The filtrate was con- 
centrated under reduced pressure, and the deposited solid was reslurried with hexane. The slurry was filtered to 
remove the solvent and the solid was dried under reduced pressure to obtain 0.15 g (0.18 mmol. 13% yield) of com- 
pound A-1 7 as a brown powder. 



Compound B-16 
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TiCl 2 



1 H-NMR(CDCl3): 3.20-3.80 (m,4H), 6.90-7.81 (m,30H), 8.15 (s,2H) 
FD-mass spectrometry: 838 (M+) 
Elemental analysis: Ti: 5.9% (5.7) 
Calculated value in parentheses. 



Synthesis of compound p-17 

After charging 1 .0 g (2.77 mmd) of compound L1 7 and 20 ml of diethyl ether into a 1 00 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .87 ml of n- 
butyllithium (1 .55 mmd/rrd n-hexane solution. 2.90 mmoi) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixed solution of zirconium tetrachloride (0.32 g, 1 .37 mmoi) and 20 ml of diethyl 
ether which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the insoluble 
portion in the reaction solution was removed with a glass filter. The filtrate was concentrated under reduced pressure, 
and the deposited solid was resiurried with hexane. The slurry was filtered to remove the solvent and the solid was dried 
under reduced pressure to obtain 0.71 g (0.88 mmol, 58% yield) of compound B- 17 as a yellow green powder repre- 
sented by the formula given below. 
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Compound B-17 




1 H-NMR(COa 3 ): 3.30-3.80 (m.4H), 6.71-7.72 (m,30H), 8.25 (S.2H) 
FD-mass spectrometry: 882 (M+) 
Elemental analysis: Zr: 10.6% (10.3) 
Calculated value in parentheses. 

Synthesis Sample 38 

Synthesis of compound A-1 8 

After charging 0.59 g (2.20 mmol) of compound L1 8 and 1 0 ml of diethyl ether into a 1 00 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .49 ml of n- 
butyirrthium (1.55 mmoi/m! n-hexane solution, 2.31 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 2.2 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1.10 mmol) and 10 ml of tetrahydrofuran which had been cooled to -78°C. After completion 
of the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After fur- 
ther stirring for 15 hours at room temperature, the mixture was concentrated to dryness, and the resulting solid was dis- 
solved in 20 ml of methylene chloride. The insoluble portion was filtered off with a glass filter, the filtrate was 
concentrated under reduced pressure, and the deposited solid was reprecipitated with diethyl ether and hexane at - 
78"C and dried under reduced pressure to obtain 0.27 g (0.41 mmol, 37% yield) of compound A- 18 as a brown powder. 
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Compound A-L8 




1 H-NMR(CDD3): 1.22 (6.18H). 2.40 (S.6H), 6.44-7.80 (m,14H), 8.21 (S.2H) 
20 FD-mass spectrometry: 650 (M+) 
Elemental analysis: 71: 7.1% (7.4) 
Calculated value in parentheses. 

Synthesis Example 39 

Synthesis of compound 

After charging 0.60 g (2.25 mmol) of compound L1 8 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .52 ml of n- 

30 butyl lithium (1.55 mmot/ml n-hexane solution, 2.36 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride (0.26 g, 1 .1 2 mmol) in 10 ml of tetrahydrofuran 
which had been cooled to -78*C. After completion of the dropwise addition, stirring was continued while slowty increas- 
ing the temperature to room temperature After further stirring for 8 hours at room temperature, the solvent of the reac- 

$5 tion solution was distilled off. The resulting solid was dissolved in 20 ml of methylene chloride, and the insoluble portion 
was removed with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid was 
repredpitated with diethyl ether and hexane and dried under reduced pressure to obtain 0.16 g (0.24 mmol, 21% yield) 
of compound B- 18 as a yellow green powder represented by the formula given below. 

40 

Compound B-18 



45 



50 




55 

1 H-NMR(CDCl3): 1.13 (s,18H). 2.39 (S.6H), 6.50-7.75 (m,14H), 8.26 (S.2H) 
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FD-mass spectrometry. 694 (Uf) 
Elemental analysis: Zr: 13.1% (13.1) 
Calculated value in parentheses. 

s Synthesis Example 40 

Synthesis of compound B-19 

After charging 0.70 g (2.25 mmoJ) of compound L19 and 10 ml of diethyl ether into a 100 ml reactor which had been 
10 adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.52 ml of rv 
buty! lithium (1.55 mmd/ml n-hexane solution. 2.36 mmoi) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride (0.26 g, 1.12 rrrnol) in 1 0 ml of tetrahydrofuran 
which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly increas- 
15 ing the temperature to room temperature. After further stirring for 1 5 hours at room temperature, the solvent of the reac- 
tion solution was distilled off. The resulting solid was dissolved in 20 ml of methylene chloride, and the insoluble portion 
was removed with a glass later. The filtrate was concentrated under reduced pressure, and the deposited solid was 
repreciptteted with diethyl ether and hexane and dried under reduced pressure to obtain 0.16 g (0.20 mmoi, 18% yield) 
of compound B-19 as a yellow green powder represented by the formula given below. 

20 

Compound B-19 



25 



30 




35 



'H-NMRfCDCIg): 1.43 (S.18H), 1.47 (S.18H), 6.90-7.60 (m.14H). 8.40 (s,2H) 
40 FD-mass spectrometry: 778 (M+) 

Elemental analysis: Zr: 12.1% (11.7) 
Calculated value in parentheses. 

Synthesis Example 41 

45 

Synthesis of compound B-2Q 

After charging 0.63 g (2.25 mmoi) of compound L20 and 1 0 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .52 ml of n- 

50 butyl lithium (1.55 mmd/ml n -hexane solution, 2.36 mmoi) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride (0.26 g, 1.12 mmoi) in 1 0 ml of tetrahydrofuran 
which had been cooled to -78'C. After completion of the dropwise addition, stirring was continued while slowly increas- 
ing the temperature to room temperature. After further stirring for 1 5 hours at room temperature, the solvent of the reac- 

55 tion solution was distilled off. The resulting solid was dissolved in 25 ml of methylene chloride, and the insoluble portion 
was removed with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid was 
reprecipHated with diethyl ether and hexane and dried under reduced pressure to obtain 0.35 g (0.48 mmoi, 43% yield) 
of compound B-20 as a yellow powder represented by the formula given below. 
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Compound B-20 




1 H-NMR(CDCl3): 1.40 (S.18H), 1.50 (S.18H), 2.21 (S.12H), 6.70-7.40 (m,12H), 8.33 (B,2H) 
FD-mass spectrometry: 720 (M+) 
aemental analysis: Zr: 12.8% (12.6) 
Calculated value in parentheses. 

Synthesis Example 42 

Synthesis of compound A-21 

After charging 0.80 g (2.50 mmol) of compound L21 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.7 ml of rv 
butyilrthium (1 .55 mrnol/ml n-hexane solution, 2.64 mmol) over 5 minutes, the temperature was slowly increased to 0°C, 
and stirring was continued for 4 hours at 0°C to prepare a lithium salt solution. The solution was then slowly added drop- 
wise to a mixed solution containing 2.5 ml of a titanium tetrachloride solution (0.5 mrnol/ml heptane solution, 1 .25 mmol) 
and 1 0 ml of diethyl ether which had been cooled to -78*0. After completion of the dropwise addition, stirring was con- 
tinued while slowly increasing the temperature to room temperature. After further stirring for 8 hours at room tempera- 
ture, the mixture was concentrated to dryness, and the resulting solid was dissolved in 50 ml of diethyl ether and 60 ml 
of methylene chloride. The insoluble portion was filtered off with a glass fitter, the filtrate was concentrated under 
reduced pressure, and the deposited solid was recrystallized with diethyl ether and dried under reduced pressure to 
obtain 0.07 g (0.09 mmol. 8% yield) of compound A-21 as a red brown powder. 



Compound A-21 
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1 H-NMR(CtX)l3): 134 (8.18H), 6.75-7.75 (m,14H), aiO (S.2H) 
FD-mass spectrometry: 758 (M+) 
HementaJ analysis: 11: 6.5% (6.3) 
Calculated value in parentheses. 

5 



Synthesis of compound 

io After charging 1 .03 g (3.20 mm of) of compound L21 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.0 ml of n- 
butytlithium (1 .61 mmd/mJ n-hexane solution, 3.22 mmol) over 5 minutes, the temperature was slowly increased to - 
15°C and stirring was continued for 2 hours at -15°C to prepare a lithium salt solution. The solution was then added 
dropwise to a solution of zirconium tetrachloride (0.36 g, 1 .54 mmoQ in 1 0 ml of tetrahydrofuran which had been cooled 

15 to -78°C. After completion of the dropwise addition, stirring was continued while slowly increasing the temperature to 
room temperature. After further stirring for 1 5 hours at room temperature, the solvent of the reaction solution was dis- 
tilled off. The residue was dissolved in 20 ml of toluene, and the reaction was continued for 3 hours under reflux condi- 
tions. The solvent was distilled off, the resulting solid was dissolved in 50 ml of methylene chloride, and the insoluble 
portion was removed with a glass f Bter. The filtrate was concentrated under reduced pressure, and the deposited solid 

20 was reprectpitated with diethyl ether and hexane and dried under reduced pressure to obtain 0.33 g (0.41 mmol, 27% 
yield) of compound B-21 as an ocher powder represented by the formula given below. 



Compound B-21 

25 



— s 



30 



35 




40 



'H-NMRfCDCIa): 1.24 (S.18H), 6.80-7.78 (m,14H), ai5 (S.2H) 
FD-mass spectrometry: 802 
45 Elemental analysis: Zr: 11.7% (11.4) 
Calculated value in parentheses. 

Synthesis Example 44 

so Synthesis of compound A-22 

After charging 0.50 g (1 .77 mmol) of compound L22 and 40 rrd of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .20 ml of n- 
butyiiithium (1.55 mmot/rrd n-hexane solution, 1.86 mmol) over 5 minutes, the temperature was slowly increased to 
55 room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 1 .77 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 0.89 mmol) and 50 ml of diethyl ether which had been cooled to -78°C. 

After completion of the dropwise addition, stirring was continued while slowly increasing the temperature to room 
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temperature. After further stirring for 1 5 hours at room temperature, the reaction solution was filtered with a glass filter. 
After washing the filtered substance with diethyl ether, it was dissolved in methylene chloride. The insoluble portion was 
removed, the filtrate was concentrated under reduced pressure, and the deposited solid was reprecipttated with diethyl 
ether and haxane at -78°C and dried under reduced pressure to obtain 0.31 g (0.45 mmol. 51% yield) of compound A- 
5 22 as a brown powder. 



1 H-NMR(COCl3): 0.70-1.80 {m,18H). 3.50-4.00 (m.6H), 6.40-7.70 (m,14H). 8.05 (s,2H) 
FD-mass spectrometry. 682 (M+) 
Elemental analysis: 71: 7.3% (7.0) 
Calculated value in parentheses. 



Synthesis Example 45 

Synthesis of compound B-22 

as After charging 0.50 g (1 .77 mmol) of compound L22 and 25 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .20 ml of n- 
butyllithium (1.55 mmoWml n-hexane solution. 1.86 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixed solution of zirconium tetrachloride (0.21 g, 0.99 mmol) in 10 ml of diethyl 

40 ether and 60 ml of tetrahydrofuran which had been cooled to -78°C. After completion of the dropwise addition, stirring 
was continued while slowly increasing the temperature to room temperature. After further stirring for 15 hours at room 
temperature, the solvent of the reaction solution was distilled off. The resulting solid was resfurried with 70 ml of hexane, 
and the insoluble portion was separated off with a glass filter. The filtered substance was dissolved in 100 ml of diethyl 
ether and 70 ml of hexane. After removing out the insoluble portion, the filtrate was concentrated under reduced pres- 

45 sure. The deposited solid was washed with hexane and dried under reduced pressure to obtain 0.08 g (0. 1 1 mmol. 1 1% 
yield) of compound B-22 as a yellow green powder represented by the formula given below. 



Compound A- 2 2 



OMe 



15 



10 




30 



50 
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Compound B-22 



OMe 



5 



15 



10 




ZrCl 2 



SO 'H-NMFKCDCIa): 1.40 (S.18H), 3.75 (6.6H), 6.40-7.70 (m,14H), 8.10 (S.2H) 
FD-mass spectrometry: 726 (M+) 
Elemental analysis: Zr: 12.3% (12.6) 
Calculated value in parentheses. 

zs Synthesis Example 46 

Synthesis of compound A-23 

After charging 1 .01 g (4.33 mmol) ol compound L23 and 22 ml of diethyl ether into a 100 ml reactor which had been 
so adequately dried and substituted with argon, they were cooled to -78°C and stined. After dropwise adding 2.9 ml of n- 
butyllrthium (1.55 mmolAnl n-hexane solution, 4.50 mmol) over 5 minutes, the temperature was sJowty increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 4.25 ml of a titanium tetrachloride solution (0.5 
mrnol/ml heptane solution, 2.13 mmol) and 20 ml of diethyl ether which had been cooled to ~78*C. After completion of 
35 the dropwise addition, Stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 1 5 hours at room temperature, the reaction solution was filtered, the filtrate was concentrated to dryness, and 
the resulting solid was reprectpitated with methylene chloride, diethyl ether and hexane and dried under reduced pres- 
sure to obtain 0.26 g (0.44 mmol. 21% yield) of compound A-23 as a brown powder. 



40 



Compound A-23 



50 



45 




55 



1 H-NMR(CDCl3): 0.82-1.40 (m,12H), 2.90-3.30 (m,2H), 6.60-7.40 (m,16H), 8.10 (S.2H) 
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FD-mass spectrometry: 594 (M+) 
Elemental analysis: 71: 8.0% (8.0) 
Calculated value in parentheses. 

5 Synthesis Example 47 

Synthesis of wmpoyrrt 8b23 

After charging 1 .02 g (4.25 rrtmd) of compound L23 and 20 ml of diethyl ether into a 100 ml reactor which had been 
f o adequately dried and substituted with argon, they were coded to -78*C and stirred. After dropwise adding 3.43 ml of n- 
butyi lithium (1.55 rnmd/rnl n-hexane solution, 5.32 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a Gthium salt solution. The 
solution was then added dropwise to a mixed solution of zirconium tetrachloride (0.50 g, 2.1 5 mmd) and 20 mi of diethyl 
ether which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly 
is increasing the temperature to room temperature. After further stirring for 15 hours at room temperature, the insoluble 
portion was removed with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid 
was repredpitated with diethyl ether, methylene chloride and hexane and dried under reduced pressure to obtain 0.61 
g (0.96 mmol. 45% yield) of compound B-23 as a yellow green powder represented by the formula given below. 

20 

Compound B-23 



26 



30 




35 



1 mNMR(CDCl3): 0.80-1.30 (m,12H), 2.90-3.25 (m,2H), 6.72-7.43 (m,16H), 8.20 (S.2H) 
FD-mass spectrometry: 638 (M+) 
40 Elemental analysis: Zr: 14.0% (14.3) 
Calculated value in parentheses. 

Synthesis Example 48 

45 Synthesis of compound A-34 

After charging 0.52 g (2.05 mmol) of compound L24 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were coded to -78°C and stiffed. After dropwise adding 1 .36 ml of n- 
butylirthium (1.55 mmd/ml n-hexane solution, 2.11 mmd) over 5 minutes, the temperature was slowly increased to 

so room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt slurry. The solu- 
tion was slowly added dropwise to a mixed solution containing 2.04 ml of a titanium tetrachloride sdution (0.5 mmol/ml 
heptane solution, 1 .02 mmd), 40 ml of diethyl ether and 20 ml of tetrahydrofuran which had been cooled to -78°C After 
completion of the dropwise addition, stirring was continued while slowly increasing the temperature to room tempera- 
ture. After further stirring for 15 hours at room temperature, the solvent of the reaction solution was distilled off. The 

55 resulting solid was reslunied with 100 ml of diethyl ether, and the insdubJe portion was separated off with a glass filter. 
The tittered substance was washed with diethyl ether and dissolved in methylene chloride. After removing the insoluble 
portion, the filtrate was concentrated under reduced pressure, and the deposited solid was washed with hexane and 
dried under reduced pressure to obtain 0.12 g (0. 19 mmd, 1 9% yield) of compound A-24 as an orange powder. 
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Compound A- 2 4 



5 



15 



10 




TiCl 2 



^-NMRCCDCIg): 0.80-2.30 (m,18H), 6.30-9.20 (m,14H), 8.35 (brs.2H) 
X FD-mass spectrometry: 624 (M+) 
Elemental analysis: Ti: 8.1% (7.7) 
Calculated value In parentheses. 

Svrrftrefs Example. 49 



Synthesis of compound B-84 

After charging 0.76 g (2.99 mmoQ of compound L24 and 40 mi of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .91 ml of n- 

so butyllithium (1.61 mmdAnl n-hexane solution, 3.08 mmoJ) over 5 minutes, the temperature was slowty increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt slurry. The solu- 
tion was then added dropwise to a mixed solution of zirconium tetrachloride • 2THF complex (0.563 g, 1 .49 mmoi) in 80 
ml of tetrahydrofuran which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued 
while slowty increasing the temperature to room temperature After further stirring for 1 5 hours at room temperature, 50 

35 ml of toluene was added, and the reaction solution was heated at 80°C for 10 hours and then at 90°C for 30 hours while 
stirring. The solvent of the reaction solution was distilled off, the resulting solid was reslurried with 150 ml of diethyl 
ether, and the insoluble portion was separated off with a glass filter. After washing the filtered substance with diethyl 
ether, it was dissolved in methylene chloride, the insoluble portion was removed out and then the filtrate was concen- 
trated under reduced pressure. The deposited solid was washed with hexane and dried under reduced pressure to 

40 obtain 0.43 g (0.64 mmol, 43% yield) of compound B-24 as a yellow powder represented by the formula given below. 



25 



Compound B-24 



55 



50 



45 




119 



EP0 874 005A1 



1 H-NMR(CD03): O.6O-2.30 (m,18H), 6.30-9.40 (m.14H), 8.35 (brs, 2H) 
FD-mass spectrometry: 668 (M+) 
Elemental analysis: Zr: 13.2% (13.6) 
Calculated value in parentheses. 

5 



Synthesis Pi wmpwnd 

10 After charging 0.50 g (1 .93 mmd) of compound L25and 20 rnlof diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.42 ml of n- 
butyilithium (1.55 mmd/ml n-hexane solution, 2.20 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued tor 4 hours at room temperature to prepare a lithium salt solution. The 
solution was slowly added dropwise to a mixed solution containing 1.93 ml of a titanium tetrachloride solution (0.5 

is mmd/ml heptane solution, 0.97 mmd) and 50 ml of diethyl ether which had been cooled to -78 S C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 1 5 hours at room temperature, the reaction solution was filtered with a glass filter, and the filtered substance 
was washed with diethyl ether and dissolved in methylene chloride After removing the insoluble portion, the filtrate was 
concentrated under reduced pressure, and the deposited solid was washed with hexane and dried under reduced ores- 

so sure to obtain 0.1 1 g (0.17 mmol, 18% yield) of compound A-25 as a red brown powder. 



Compound A-25 



25 



30 



35 




TiCl 2 



40 1 H-NMR(CDCl3): 1 .65 (S.18H), 0.50-2.4O (m,20H), 3.85 (brdt2H), 6.90-7.70 (m,6H), 8.20 (s,2H) 
FD-mass spectrometry: 634 (M+) 
Elemental analysis: Tl: 7.6% (7.5) 
Calculated value in parentheses. 



Synthesis ol fiflnpoundflgS 

After charging 0.50 g (1 .93 mmol) of compound L25 and 20 ml of diethyl ether into a 100 ml reactor which had been 
so adequately dried and substituted with argon, they were cooled to -78'C and stirred. After dropwise adding 1 .42 mi of n- 
butyl lithium (1 .55 mmol/ml n-hexane solution, 2.20 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride (0.23 g, 0.99 mmol) in 50 ml of diethyl ether 
which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly increas- 
55 ing the temperature to room temperature. After further stirring for 15 hours at room temperature, the reaction solution 
was fatered with a glass filter, and the filtrate was concentrated under reduced pressure. The deposited solid was 
washed with hexane and dried under reduced pressure to obtain 0.28 g (0.41 mmd, 43% yield) of compound B-25 as 
an ocher powder represented by the formula given below. 
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Compound B-25 



8 



10 




ZrCl 2 



15 



1 H-NMR(CDCI 3 ): 1.65 (S.18H), 0.70-2.50 (m,20H), 3.85 (bfdt.2H), 6.70-7.70 (m,6H). 8.25 (S.2H) 
20 FD-mass spectrometry: 678 (M+) 

Elemental analysis: Zr: 13.3% (13.4) 
Calculated value in parentheses. 

Synthesis Example 52 

25 

Synthesis of compound A-26 

After charging 0.61 g (2.28 mmol) of compound L26 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78*C and stirred. After dropwise adding 1.6 ml of n- 

30 butyl lithium (1 .55 rnmol/ml n-hexane solution, 2.48 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 2.2 ml of a titanium tetrachloride solution (0.5 
mmol/rnl heptane solution, 1.10 mmol) and 10 ml of tetrahydroturan which had been cooled to -78'C. After completion 
of the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After tur- 

35 ther stirring for 12 hours at room temperature, the insoluble portion was filtered out with a glass fitter, the filtrate was 
concentrated under reduced pressure, and the deposited solid was reprecipitated with diethyl ether and hexane at • 
78°C and dried under reduced pressure to obtain 0.36 g (0.55 mmol, 51% yield) of compound A-26 as a brown powder. 



Compound A-26 



50 



45 




SS 



1 H-NMR(CDCl3): 1.33 (S.18H), 2.14 (s,6H), 6.60-7.68 (m,14H), 8.03 (s.2H) 
FD-mass spectrometry: 650 (M+) 
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Elemental analysis: U: 7.4% (7.3) 
Calculated value in parentheses. 




5 



Synth ssis of gfflpfluod 

After charging 0.61 g (2.28 mmd) of compound L26 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.6 ml of n- 

io butyl lithium (1.55 mmoi/ml n-hexane solution, 2.48 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride (0.27 g, 1 .15 mmol) in 10 ml of diethyl ether 
which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly increas- 
ing the temperature to room temperature. After further stirring tor 12 hours at room temperature, the insoluble portion 

i5 was removed with a glass titer. Trie filtrate was concentrated under reduced pressure, and the deposited solid was 
reprecipitated with diethyl ether and hexane and dried under reduced pressure to obtain 0.14 g (0.20 mmol, 18% yield) 
of compound B-26 as a yellow green powder represented by the formula given below. 



1 H-NMR<CDCi3): 1.31 (s,18H). 2.14 (s,6H). 6.69-7.65 (m,14H), 8.09 (S.2H) 
FD-mass spectrometry: 694 (M+) 
Elemental analysis: Zr: 13.1% (13.1) 
40 Calculated value in parentheses. 

Synthesis Example 54 

Synthesis of compound A-37 



After charging 0.30 g (1 .00 mmol) of compound L27 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 0.65 ml of n- 
butyllrthium (1.55 mmoi/ml n-hexane solution, 1.00 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 

50 solution was then slowly added dropwise to a mixed solution containing 1 .0 ml of a titanium tetrachloride solution (0.5 
mmoi/ml heptane solution, 0.50 mmol) and 10 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After first 
stirring for 12 hours at room temperature and then stirring for one hour under reflux, the insoluble portion was filtered 
out with a glass filter. The filtrate was concentrated under reduced pressure, and the deposited solid was reprecipitated 

ss with diethyl ether and hexane and dried under reduced pressure to obtain 0.18 g (0.25 mmol. 50% yield) of compound 
A-27 as an orange powder. 



so 



Compound B-26 



30 




122 



EP0 874 005A1 

Compound A- 2 7 



5 




^-NMRlCDCla): 1.13 (6.18H), 1.25 (brd.6H), 1.28 (bid.6H), 3.29 (brdq.2H), 6.4*6.70 {m,2H), 6.80-7.20 (m,4H). 
7.20-7.50 (m.8H), 8.23 (S.2H) 
20 FD-mass spectrometry: 706 

Elemental analysis: 71: 6.6% (6.8) 
Calculated value in parentheses. 



25 

Synthesis of compound B-27 

After charging 0.95 g (3.20 mmol) of compound L27 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.08 ml of n- 

30 butytlHhium (1.55 mmol/ml n-hexane solution, 3.22 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride (0.37 g, 1 .60 mmol) in 10 ml of tetrahydrofuran 
which had been cooled to -78° C. After completion of the dropwise addition, stirring was continued while slowly increas- 
ing the temperature to room temperature. After first stirring for 12 hours at room temperature and then stirring for 6 

35 hours under reflux, the solvent of the reaction solution was distilled off. The resulting solid was dissolved in 50 ml of 
methylene chloride, and the insoluble portion was removed with a glass fffter. The f&trate was concentrated under 
reduced pressure, and the deposited solid was reprecipitated with methylene chloride and hexane and dried under 
reduced pressure to obtain 0.18 g (0.24 mmol, 15% yield) of compound B-27 as a yellow powder. 

40 

Compound B-27 



45 



50 




55 



1 H-NMR(CDa 3 ): 1.10 (s,18H). 1.10-1.40 (m.12H), 3.20-3.30 (m,2H), 6.30-6.60 (m,2H), 6.70-7.10-7.60 (m,8H), 
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8.28 (s,2H) 

FD-mass spectrometry: 750 (M+) 
Elemental analysis: Zr: 12.0% (12.2) 
C: 63.5% (64.0) H: 6.6% (6.4) N: 3.5% (3.7) 
Calculated values in parentheses. 

Synthesis Example 56 

Synthesis of compound A-28 

After charging 0.50 g (1 .37 rrtmd) of compound 128 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 0.92 ml of n- 
butyllrthium (1.55 rnmol/rnl n-hexane solution, 1.43 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 1 .37 ml of a titanium tetrachloride solution (0.5 
mmolAnl heptane, 0.69 mmol) and 40 ml of diethyl ether which had been cooled to -78°C. After completion of the drop- 
wise addition, stirring was continued while slowly increasing the temperature to room temperature. After further stirring 
tor 8 hours at room temperature, the reaction solution was fitter ed with a glass filter, the filtered substance was washed 
with diethyl ether, and then the insoluble portion was removed out by filtration. The filtrate was concentrated under 
reduced pressure, and the deposited solid was washed with hexane and dried under reduced pressure to obtain 0.17 
g (0.20 mmol, 29% yield) of compound A-28 as a brown powder. 

Compound A-28 




40 

1 H-NMR(CDCl3): 0.70-1.40 (m.54H), 6.65-7.75 (m,12H), 8.35 (6.2H) 
FD-mass spectrometry: 846 (M+) 
Elemental analysis: Ti: 5.5% (5.7) 
Calculated value in parentheses. 

45 

Synthesis Example 57 
Synthesis of compound B-28 

so After charging 0.50 g (1 .37 mmol) of compound L28 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78'C and stirred. After dropwise adding 0.92 ml of n- 
butyilithium (1.55 mmol/mi n-hexane solution. 1.43 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixed solution of zirconium tetrachloride (0.16 g, 0.69 mmol) in 20 ml of anhy- 

55 drous diethyl ether and 50 ml of tetrahydrofuran which had been cooled to -78*C. After completion of the dropwise addi- 
tion, stirring was continued while slowly increasing the temperature to room temperature. After further stirring for 12 
hours at room temperature, the solvent of the reaction solution was distilled off. The resulting solid was reslurried with 
diethyl ether, the insoluble portion was removed off with a glass filter, and the filtrate was concentrated under reduced 
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pressure. The deposited solid was reprecipitated with hexane at - 78°C and dried under reduced pressure to obtain 0.26 
g (0.29 mmoi. 43% yield) of compound B-28 as a yellow powder represented by the formula given below. 



Compound B-28 




'H-NMR (CDCIa): 0.80-1.30 (m,54H). 6.65 (m,12H), 8.35 (s,2H) 
FD-mass spectrometry: 890 (M+) 
Elemental analysis: Zr: 9.9% (10.2) 
Calculated value in parentheses. 



Synthesis of compound A-29 



After charging 0.60 g (1 .79 mmoQ of compound L29 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to *78°C and stirred. After dropwise adding 1 .17 ml of n- 
butyilithium (1.55 mmol/ml n-hexane solution. 1.81 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 1 .79 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 0.90 mmol) and 50 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After stiffing 
for 12 hours at room temperature the reaction solution was filtered with a glass filter to remove the insoluble portion. 
The filtrate was concentrated under reduced pressure, and the deposited solid was washed with hexane and dried 
under reduced pressure to obtain 0.10 g (0.13 mmol. 14% yield) of compound A-29 as a red brown powder. 
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1 H-NMR{CDCI 3 ): 0.80-2.30 (m,20H), 1 .55 (s,18H), 3.65 (brdt.2H), 6.60-8.10 (m,16H) 
FD-mass spectrometry: 786 (M*) 
Elemental analysis: Ti: 6.4% (6.1) 
Calculated value in parentheses. 

5 

Synthesis Example 59 
Synthesis of compound 

to After charging 0.50 g (1.48 mmd) of compound L29 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78'C and stirred. After dropwise adding 1 .02 ml of n- 
butyllrthtum (1.61 mmol/mi n-hexane solution. 1.64 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride • 2THF complex (0.26 g, 0.69 rnmd) in 40 ml 

is of tetrahydrofuran which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued 
while slowly increasing the temperature to room temperature. After further stirring for 8 hours at room temperature, 70 
ml of toluene was added, the reaction solution was heated at 60°C for 20 hours while stirring. The solvent of the reaction 
solution was distilled off, the resulting solid was reslurried with 50 ml of diethyl ether. The slurry was filtered with a glass 
filter to remove off the Insoluble portion, and then the filtrate was concentrated under reduced pressure. The deposited 

20 solid was reprecipttated with hexane at -78°C and dried under reduced pressure to obtain 0.04 g (0.05 mmoi, 7% yield) 
of compound B-29 as a yellowish white powder represented by the formula given below. 

Compound B-29 



30 



35 




40 1 H-NMR{CDCl3): 0.90-1.90 (m,20H), 1.55 (s,18H), 3.25 (brdt,2H), 6.4O-7.90 (m,16H) 
FD-mass spectrometry: 830 (M+) 
Elemental analysis: Zr: 1 1 .3% (1 1 .0) 
Calculated value in parentheses. 

Synthesis of compound A-3Q 

After charging 0.51 g (1 .86 mmoi) of compound L30 and 50 ml of diethyl ether into a 100 mi reactor which had been 
so adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .20 ml of n- 
butyttithium (1.61 mmol/ml n-hexane solution, 1.93 mmoi) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a solution containing 1.85 mi of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution. 0.93 mmoi) and 60 ml of tetrahydrofuran which had been cooled to -78°C. After completion 
55 of the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. Further 
stirring for 8 hours at room temperature, the reaction solution was heated at 60°C for 8 hours while stirring, and the sol- 
vent was then distilled off. The resulting solid was reslurried with diethyl ether and filtered with a glass filter, and the f fl- 
tered substance was washed with diethyl ether and then dissolved in methylene chloride After removal of the insoluble 
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portion by filtration, the filtrate was concentrated under reduced pressure, and the deposited soGd was washed with 
hexane and dried under reduced pressure to obtain 0. 14 g (0.21 mmol, 23% yield) of compound A-30 as a red orange 



Compound A-30 




TiCl 2 



1 H-NMR(CDCl3): 1.10-2.10 (m,20H), 1.45 (s,18H), 2.40 (s,6H). 3.85 (brdt.2H), 6.70-7.70 (m,6H) 
FD-mass spectrometry: 662 (M+) 
Elemental analysis: Tl: 7.1% (7.2) 
Calculated value in parentheses. 



Synthesis of compound B-30 

After charging 0.51 g (1 .86 mmol) of compound L30 and 50 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78*C and stirred. After dropwise adding 1 .20 ml of n- 
butyl lithium (1.61 mmoi/ml n-hexane solution, 1.93 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was added dropwise to a solution of zirconium tetrachloride (0.22 g, 0.94 mmol) in 60 ml of tetrahydrofuran 
which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly increas- 
ing the temperature to room temperature. After further stirring for 1 2 hours at room temperature. 60 rrd of toluene was 
added, and the reaction solution was heated at 85°C for 12 hours while stirring. 

The solvent of the reaction solution was distilled off. The resulting solid was reslurried with 100 ml of diethyl ether, 
the slurry was filtered with a glass filter to remove off the insoluble portion, and then the f fltrate was concentrated under 
reduced pressure. The deposited solid was washed with hexane and dried under reduced pressure to obtain 0.10 g 
(0.14 mmol, 15% yield) of compound B-30 as a milky white powder represented by the formula given below. 



so 
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Compound B-30 




1 H-NMR(CDCl3): 0.80-2.10 (m,20H),1.45 (S.18H), 2.40 (s,6H), 3.75 (brdt.2H). 6.50-7.80 (m.6H) 
20 FD-mass spectrometry: 704 (M+) 

Elemental analysis: Zr: 13.3% (12.9) 
Calculated value in parentheses. 

Synthesis SamBlfl 62 

25 

Synthase of compound A£L 

After charging 1 .00 g (4.22 mmof) of compound L31 and 20 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.75 ml of rv 

30 butyllithium (1 .61 mmotAnJ n-hexane solution, 4.43 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 4.22 ml of a titanium tetrachloride solution (0.5 
mmot/ml heptane solution, 2. 1 1 mmol) and 20 ml of diethyl ether which had been cooled to -78°C. 

After completion of the dropwise addition, stirring was continued while slowly increasing the temperature to room 

35 temperature. After stirring for 1 2 hours at room temperature, the reaction solution was filtered with a glass filter. The fil- 
tered substance was dissolved in 50 ml of methylene chloride, and the insoluble portion was removed. The filtrate was 
evaporated to dryness under reduced pressure, and the resulting solid was reprecipitated with methylene chloride and 
diethyl ether and dried under reduced pressure to obtain 0.90 g (1.55 mmol, 72% yield) of compound A-31 as a brown 



Compound A-31 



45 



50 




TiCl 2 
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1 hW^R(C0a3): 6.70-7.40 (m.16H), 7.90-8.20 (m,2H) 
FD-mass spectrometry: 578 (M+) 
Elemental analysis: Ti: 8.0% (8.3) 
Calculated value in parentheses. 

Synthesis Example 63 

Synthesis of compound B-31 

After charging 1 .20 g (5.18 mmol) of compound L31 and 24 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78*C and stirred. After dropwise adding 3.38 ml of rv 
butyllithium (1.61 mrnoWmf n-hexane solution, 5.44 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a mixed solution containing zirconium tetrachloride (0.60 g. 2.57 mmol) and 24 ml 
of diethyl ether which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while 
slowly increasing the temperature to room temperature. After stirring for 12 hours at room temperature, the reaction 
solution was filtered with a glass filter. The filtered substance was dissolved in 60 ml of methylene chloride and the insol- 
uble portion was removed. The filtrate was concentrated under reduced pressure, and the deposited solid was repre- 
cipitated with methylene chloride and hexane and dried under reduced pressure to obtain 0.20 g (0.32 mmol, 12% yield) 
of compound B-31 as a green powder. 




ZrCl 2 



40 A H'HWiH{ODO z )\ 6.70-7.45 (m,16H), 7.90-8.25 (m,2H) 
FD-mass spectrometry: 621 (M+) 
Elemental analysis: Zr: 14.9% (14.6) 
Calculated value in parentheses. 



Synthesis of compound A-32 

After charging 1 .00 g (5.05 mmoQ of compound L32 and 50 ml of diethyl ether into a 100 ml reactor which had been 
50 adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 3.25 ml of n- 
butyllrthium (1.63 mmoi/ml n-hexane solution, 5.30 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -78°C. and then 2.52 ml of a titanium tetrachloride solution (0.5 mmoi/ml heptane solution, 1.26 
mmoQ was slowly added dropwise. After completion of the dropwise addition, stirring was continued while slowly 
55 increasing the temperature to room temperature. After further stirring for 12 hours at room temperature, the reaction 
solution was filtered with a glass filter and the filtered substance was washed with diethyl ether followed by dissolution 
in methylene chloride. After removal of the insoluble portion, the filtrate was concentrated under reduced pressure, and 
the deposited solid was washed with hexane and dried under reduced pressure to obtain 0.23 g (0.45 mmol. 18% yield) 
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of compound A-32 as an orange powder. 



Compound A-32 



5 




10 



TiCl 2 



15 



FD-mass spectrometry: 512 (M+) 

20 



Synthesis of compound A-33 

25 After charging 1 .09 g (4.39 mmol) of compound L33 and 70 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 2.80 ml of n- 
butyllithium (1.63 mmol/m) n-hexane solution, 4.56 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was coded to -78'C, and then 8.78 ml of a titanium tetrachloride solution (0.5 rnmol/rrd heptane solution. 4.39 

30 mmol) was slowly added dropwise. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After further stirring for 12 hours at room temperature, the reaction 
solution was filtered with a glass filter and the filtered substance was washed with diethyl ether followed by dissolution 
in methylene chloride. After removal of the insoluble portion, the filtrate was concentrated under reduced pressure, and 
the deposited solid was washed with diethyl ether and dried under reduced pressure to obtain 0.22 g (0.36 mmol. 16% 

35 yield) of compound A-33 as a brown powder. 



Compound A-33 



45 



40 




50 



FD-mass spectrometry: 612 (M+) 



55 
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Svmtiesfr of cwpwpti A-34 

5 After charging 0.60 g (2.13 mmol) of compound L34 and 40 ml of diethyl ether Into a 100 mJ reactor which had been 
adequately dried and substituted with argon, they were coded to -78°C and stirred. After dropwise adding 2.75 ml of rv 
butyl lithium (1.63 mmoiAnl n-hexane solution, 4.48 mmol) over 5 minutes, the temperature was slowty increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was cooled to -78°C. and then 0.71 g (2.13 mmoQ of a titanium tetrachloride • tetrahydrofuran complex was 

10 slowly added. After completion of the addition, stirring was continued while slowly increasing the temperature to room 
temperature. After further stirring for 8 hours at room temperature, the reaction solution was filtered with a glass filter 
and the filtered substance was washed with diethyl ether followed by dissolution in methylene chloride After removal of 
the insoluble portion, the filtrate was concentrated under reduced pressure, and the deposited solid was washed with 
hexane and dried under reduced pressure to obtain 0.19 g (0.48 mmol. 23% yield) of compound A-34 as a red powder. 

15 

Compound A-34 



& ^6 



so 

FD-mass spectrometry: 398 (M+) 
Synthesis Example 67 

35 Synthesis of compound A-35 

After charging 0.19 g of sodium hydride (60 wt% product, 4.75 mmol) and 50 ml of tetrahydrofuran into a 100 ml 
reactor which had been adequately dried and substituted with argon, a solution of 1 .00 g (2.30 mmd) of compound L35 
in 20 ml of tetrahydrofuran was added dropwise over 5 minutes while stirring at room temperature, after which the tern- 

40 perature was slowty increased to room temperature, and stirring was continued for 2 hours at 50°C to prepare a sodium 
salt solution. The solution was then slowly added dropwise to a solution of 0.77 g (2.31 mmol) of a titanium tetrachlo- 
ride •tetrahydrofuran complex in 50 ml of tetrahydrofuran while stirring at room temperature. After completion of the 
dropwise addition, stirring was continued while slowly increasing the temperature to room temperature After further 
stirring for 8 hours at room temperature, the reaction solution was filtered with a glass filter and the filtered substance 

45 was washed with diethyl ether followed by removal of the insoluble portion. The filtrate was concentrated under reduced 
pressure, the deposited solid was reslurried with diethyl ether, the reaction solution was filtered with a glass filter. The 
filtered substance was washed with diethyl ether and dissolved in methylene chloride, and the impurities were removed. 
The filtrate was concentrated under reduced pressure, and the deposited solid was washed with hexane and dried 
under reduced pressure to obtain 1 .1 0 g (2.00 mmd, 87% yield) of compound A-35 as a red orange powder. 

50 
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Compound A- 3 5 




N ' TiClj N ^Ph 
/ V 




FD-mass spectrometry: 550 (M+) 



Of CQmPQMBLAcSfi 

After charging 0.19 g of sodium hydride (60 wt% product, 4.75 mmoO and 50 ml of tetrahydrofuran into a 100 ml 
reactor which had been adequately dried and substituted with argon, a solution of 1 .00 g (2.23 mmol) of compound 136 
in 20 ml of tetrahydrofuran was added dropwise over 5 minutes while stirring at room temperature, after which the tem- 
perature was slowly increased to room temperature, and stirring was continued for 2 hours at 50°C to prepare a sodium 
salt solution. The solution was cooled to -78°C. and then 4.50 ml of a titanium tetrachloride solution (0.5 mmd/ml hep- 
tane solution, 2.25 mmol) was slowly added dropwise. After completion of the dropwise addition, stirring was continued 
while slowly increasing the temperature to room temperature After further stirring for 8 hours at room temperature, the 
reaction solution was filtered with a glass fitter and the filtered substance was washed with cfiethyl ether and dissolved 
in methylene chloride. After removal of the insoluble portion, the filtrate was concentrated under reduced pressure, and 
the deposited solid was washed with hexane and dried under reduced pressure to obtain 0.55 g (0.97 mmol, 44% yield} 
of compound A-36 as an orange powder. 



Compound A-36 




FD-mass spectrometry: 564 (M+) 



Synthesis of cprnppynti B-37 



After charging 0.30 g of sodium hydride (60 wt% product: 7.50 mmol) and 50 ml of tetrahydrofuran into a 100 ml 
reactor which had been adequately dried and substituted with argon, a solution of 1 .00 g (3.16 mmol) of compound L37 
in 20 ml of tetrahydrofuran was added dropwise over 5 minutes while stirring at room temperature, after which the tern- 
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perature was slowly increased to room temperature, and stirring was continued for 2 hours at 60*C to prepare a sodium 
salt solution. The solution was then slowly added dropwfse to a solution of 1.19 g (3.15 rrtmol) of zirconium 
tetrachloride •2THF complex in SO ml of tetrahydrofuran while stirring at room temperature. After completion of the 
dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
5 stirring tor 8 hours at room temperature, the reaction solution was filtered with a glass filter, the filtered substance was 
washed with tetrahydrofuran and the insoluble portion was removed. The filtrate was concentrated under reduced pres- 
sure to about 1/3. the deposited soQd was filtered with a glass filter, and the titer ed substance was washed with cold 
tetrahydrofuran and dried under reduced pressure to obtain 1 .00 g (2.1 0 mmoi, 66% yield) of compound B-37 as a yel- 
low powder. 



Compound B-37 

O 

25 

FO-mass spectrometry: 474 
so Synthesis Example 70 
Synttiesis, of compound 

After charging 0.23 g of sodium hydride (60 wt% product, 5.75 mmoi) and 50 ml of tetrahydrofuran into a 100 ml 
35 reactor which had been adequately dried and substituted with argon, a solution of 1 .00 g (2.73 mmoi) of compound L38 
in 20 ml of tetrahydrofuran was added dropwise over 5 minutes while stirring at room temperature, after which the tem- 
perature was slowly increased to room temperature, and stirring was continued for 2 hours at 50°C to prepare a sodium 
salt solution. The solution was then slowly added dropwise to a solution of 1.03 g (2.73 mmoi) of zirconium 
tetrachloride • 2THF complex in 50 ml of tetrahydrofuran while stirring at room temperature. After completion of the 
40 dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 8 hours at room temperature, the reaction solution was filtered with a glass filter, the filtered substance was 
washed with tetrahydrofuran and the insoluble portion was removed by filtration. The filtrate was allowed to stand tor 2 
hours, upon which a solid was deposited. The deposited solid was f Otered with a glass filter, and the filtered substance 
was washed with cold tetrahydrofuran and dried under reduced pressure to obtain 1.15 g (2.18 mmoi, 80% yield) of 
45 compound B-38 as a yellow powder. 



so 



55 
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Compound B-38 




FD-mass spectrometry: 524 (M+) 



Synthesis of compound 

After charging 0.50 g (1 .87 mmol) of compound L39 and 50 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .20 ml of n- 
butyllrthium (1.61 mmoi/ml n-haxane solution, 1.93 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was slowly added dropwise to a mixed solution containing 1.87 ml of a titanium tetrachloride solution (0.5 
mmol/mi heptane solution. 0.94 mmol) and 70 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 8 hours at room temperature, the reaction solution was filtered with a glass filter, and the filtered substance 
was washed with diethyl ether and then dissolved in methylene chloride. The insoluble portion was removed, the filtrate 
was then concentrated under reduced pressure, and the deposited solid was washed with hexane and dried under 
reduced pressure to obtain 0.1 1 g (0.17 mmol, 18% yield) of compound A-39 as a red powder. 

Compound A-39 




TiCl 2 



1 H-NMR(CDQ3): 1.65 (S.18H), 4.65 (d,2H), 5.00 (d,2H). 6.75-7.70 (m,16H), 7.75 (s,2H) 
FD-mass spectrometry: 650 (M+) 
Elemental analysis: Ti: 7.2% (7.3) 
Calculated value in parentheses. 



134 



EP0874 005A1 



Synthesis Example 72 

Synthesis of compound B-39 

After charging 0.50 g (1.87 mmd) of compound L39 and 40 mi of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.20 ml of n- 
butyl lithium (1.61 mmd/ml n-hexane solution, 1.93 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride • 2THF complex (0.352 g, 0.93 mmol) in 50 
ml of tetrahydrofuran which had been cooled to -78*0. After completion of the dropwise addition, stirring was continued 
while slowly increasing the temperature to room temperature. After further stirring for 8 hours at room temperature, the 
reaction solution was heated at 60°C for 3 hours while stirring, and the solvent was then distilled off. The resulting solid 
was reslurried with 50 ml of diethyl ether and the insoluble portion was separated off with a glass filter. The filtered sub- 
stance was washed with 1 00 ml of diethyl ether and dissolved in methylene chloride, the insoluble portion was removed 
off, and the filtrate was concentrated under reduced pressure. The deposited solid was washed with hexane and dried 
under reduced pressure to obtain 0.30 g (0.43 mmol, 46% yield) of compound B-39 as a yellowish white powder repre- 
sented by the formula given below. 



Compound B-39 




1 H-NMR(CDCl3): 1 -60 (S.18H), 4.65 (d,2H), 4.95 (d.2H), 6.70-7.70 (m. 16H), 7.85 (s.2H) 
FD-mass spectrometry: 694 (M+) 
Elemental analysis: Zr: 12.9% (13.1) 
Calculated value in parentheses. 



Synthesis of compound A-40 



After charging 0.58 g (2.02 mmol) of compound L40 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .50 ml of n- 
butyllithium (1.61 mmol/ml n-hexane solution, 2.42 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing 2.00 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1.00 mmol) and 80 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 8 hours at room temperature, the reaction solution was ffltered with a glass fBter, the insoluble portion was 
removed, and the filtrate was concentrated under reduced pressure. The deposited solid was reprecipitated with hex- 
ane at -78*C and dried under reduced pressure to obtain 0.19 g (0.28 mmol, 28% yield) of compound A-40 as a red 
orange powder. 
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Compound A- 40 



5 



15 



10 




TiCl 2 



1 H-NMR(CDCl3): 0.80-1.80 (m,18H), 6.50-7.90 (m,14H), 8.00^8.20 (m,2H) 



20 



FD-mass spectrometry: 692 (M+) 
Elemental analysis: 71: 7.0% (6.9) 
Calculated value in parentheses. 



Synthesis Example 74 



25 



Synthesis of compound B-4Q 

After charging 0.58 g (2.02 mmoi) of compound L40 and 40 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.50 ml of n- 

so butyilithium (1.61 mmoVmJ n-hexane solution, 2.42 mmd) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowty added dropwise to a mixed solution containing a zirconium tetrachloride • 2THF complex (0.38 
g, 1 .00 mmol) and 80 ml of tetrahydrofuran which had been cooled to •78°C After completion of the dropwise addition, 
stirring was continued while slowly increasing the temperature to room temperature. After further stirring for 8 hours at 

$5 room temperature, the solvent of the reaction solution was distilled off. The resulting solid was resJurried with 1 50 ml of 
diethyl ether, the insoluble portion was removed off with a glass filter, and then the filtrate was concentrated under 
reduced pressure. The deposited solid was reprecipitated with hexane at -78°C and dried under reduced pressure to 
obtain 0.23 g (0.31 mmol, 31% yield) of compound B-40 as a yellow powder represented by the formula given below. 



40 



Compound B-40 



50 



45 




ZrCl 2 



55 



1 H-NMR(CDCl3): 0.80-1.70 (m,18H), 6.50-7.90 (m,14H), 8.20 (S.2H) 
FD-mass spectrometry: 734 (M+) 
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Elemental analysis: Zr: 12.2% (12.4) 
Calculated value in parentheses. 



ofwmpwrclA-41 



After charging 0.50 g (1 .15 mmoQ of compound U1 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to *78*C and stirred. After dropwise adding 1 .47 ml of n- 
butyl lithium (1 .61 mmol/rnJ n-hexane solution, 2.36 mmol) over 5 minutes, the temperature was slowly increased to 
room temperature and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a mixed solution containing ^3 ml of a titanium tetrachloride solution (0.5 
mmol/ml heptane solution, 1.15 mmol) and 10 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise addition, stirring was continued while slowly increasing the temperature to room temperature. After further 
stirring for 8 hours at room temperature, the solvent of the reaction solution was distilled off. and the resulting solid was 
dissolved in 25 ml of methylene chloride. The insoluble portion was filtered off with a glass filter, the f fltrate was concen- 
trated under reduced pressure, and the deposited solid was reprecipitated with diethyl ether, methylene chloride and 
hexane and dried under reduced pressure to obtain 0.49 g (0.93 mmol, 76% yield) of compound A-41 as an orange 
powder. 



Compound A-41 




35 

FD-mass spectrometry: 525 (M+) 
Elemental analysis: Ti: 8.9% (9.1) 
Calculated value in parentheses. 

40 Synthesis Example 76 

Synthesis of compound B-41 

After charging 0.50 g (1 .15 mmoQ of compound L41 and 10 ml of diethyl ether into a 100 ml reactor which had been 
45 adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1 .47 ml of n- 
butyltithium (1 .61 mmol/ml n-hexane solution, 2.36 mmoQ over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride • 2THF (0.43 g. 1 . 1 5 mmol) in 1 0 ml of tetrahy- 
drofuran which had been cooled to -78°C. After completion of the dropwise addition, stirring was continued while slowly 
so increasing the temperature to room temperature. After first stirring for 8 hours at room temperature and then stirring for 
1 2 hours under reflux, the solvent of the reaction solution was distilled off. The resulting solid was dissolved in 25 ml of 
methylene chloride, and the insoluble portion was removed with a glass filter The filtrate was concentrated under 
reduced pressure, and the deposited solid was reprecipitated with methylene chloride, diethyl ether and hexane and 
dried under reduced pressure to obtain 0.36 g (0.63 mmol. 51% yield) of compound B-41 as a yellow powder. 

55 
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1 H-NMR(CDCl3): 1 .41 (S.18H), 2.10 (s,2H), 3.70 (S.2H). 6.94 (t2H), 7.30 (dd,2H), 7.50 (dd,2H), 8.39 (s,2H) 
FD-mass spectrometry: 568 (M+) 
zo Elemental analysis: Zr: 16.2% (16.0) 
Calculated value in parentheses. 



25 Synthesis of 



After charging 0.500 g (1.22 mmol) of compound L42 and 10 ml of diethyl ether into a 100 ml reactor which had 
been adequately dried and substituted with argon, they were cooled to ~78°C and stirred. After dropwise adding 1.52 
ml of n-butytlithium (1 .61 mmotArd n-hexane solution, 2.45 mmol) over 5 minutes, the temperature was slowly increased 
to room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then slowly added dropwise to a nixed solution containing 2.45 ml of a titanium tetrachloride solution (0.5 
mmolAnl heptane solution, 1.23 mmol) and 10 ml of diethyl ether which had been cooled to -78°C. After completion of 
the dropwise adoption, stirring was continued while slowly increasing the temperature to room temperature. After stirring 
for 8 hours at room temperature, the solvent of the reaction solution was distilled off, and the resulting solid was dis- 
solved in 25 ml of methylene chloride. After, filtering the insoluble portion with a glass filter, the filtrate was concentrated 
under reduced pressure, and the deposited solid was reprecfpitated with diethyl ether, methylene chloride and hexane 
and dried under reduced pressure to obtain 0.25 g (0.45 mmol, 40% yield) of compound A-42 as a red brown powder. 



Compound A-42 




FD-mass spectrometry: 552 (M+) 
55 Elemental analysis: 71: 9.0% (8.7) 
Calculated value in parentheses. 
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Synthesis Examola 78 

Synthesis ot wmpwnd B-42 

5 After charging 0.50 g (1.22 mmol) of compoundL42 and 10 ml of diethyl ether into a 100 ml reactor which had been 
adequately dried and substituted with argon, they were cooled to -78°C and stirred. After dropwise adding 1.52 ml of rv 
butyilithium (1.61 mmol/ml n-hexane solution, 2.45 rrmol) over 5 minutes, the temperature was slowly increased to 
room temperature, and stirring was continued for 4 hours at room temperature to prepare a lithium salt solution. The 
solution was then added dropwise to a solution of zirconium tetrachloride • 2THF (0.46 g, 1 .22 mmoQ in 1 0 ml of tetrahy- 

w drofuran which had been cooled to -78*0. After completion of the dropwise addition, stirring was continued while slowly 
increasing the temperature to room temperature. After first stirring for 8 hours at room temperature and then stirring for 
6 hours under reflux, the solvent of the reaction solution was distilled off. The resulting solid was dissolved in 25 ml of 
methylene chloride, and the insoluble portion was removed with a glass fflter. The filtrate was concentrated under 
reduced pressure, and the deposited solid was reprecipttated with methylene chloride, diethyl ether and hexane and 

is dried under reduced pressure to obtain 0.22 g (0.37 mmol, 32% yield) of compound B-42 as a yellow powder repre- 
sented by the formula given below. 



Compound B-42 

zo 



25 




FD-mass spectrometry: 596 (M+) 
Elemental analysis: Zr: 15.5% (15.3) 
35 Calculated value in parentheses. 

Ail the procedures for transition metal complex synthesis were conducted under an argon or nitrogen atmosphere, 
and the solvent employed was a commercially available anhydrous solvent 

Specific examples for polymerization processes according to the present invention are given below. 

40 

Example 1 

To a 500 mt glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 L/hr of ethylene. Thereafter, 1.1875 mmol (in terms of aluminum 
45 atom) of methylaluminoxane (MAO) was added, and successively 0.00475 mmol of the compound A-1 obtained in syn- 
thesis Example 1 was added to initiate polymerization. The reaction was conducted at 25 °C for 30 minutes in an eth- 
ylene gas atmosphere at normal pressure, and then a small amount of isobutanol was added to terminate the 
polymerization. After the polymerization was completed, the reaction product was introduced into a targe amount of 
methanol to precipitate a polymer in the whole amount Then, hydrochloric acid was added, and filtration was effected 
50 using a glass filter. The resulting polymer was vacuum dried at 80 °C for 10 hours, to obtain 8.02 g of polyethylene (PE). 
The polymerization activity was 3,400 g/rnmol-Ti • hr. and the intrinsic viscosity [n] of the polyethylene was 8.44 

cfl/g. 

Example 2 

55 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter, 1 .25 mmol On terms of aluminum atom) 
of methylaluminoxane and 0.005 mmol of the compound A-1 were added to initiate polymerization. The polymerization 
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was conducted at 50 *C for 10 minutes, and then a small amount of isobutand was added to terminate the polymeriza- 
tion. 

The potymer suspension obtained was introduced into 1.5 Dters of methanol containing a small amount of hydro- 
chloric acid to precipitate a polymer. Then, filtration was effected using a glass filter to remove the solvent. The resulting 
potymer was washed with methanol and vacuum dried at 80 °C for 10 hours, to obtain 3.30 g of polyethylene. The 
polymerization activity was 3,960 g/mmol-Ti • hr, and the intrinsic viscosity [nj of the polyethylene was 6.37 di/g. 

Examples 

Polymerization was carried out in the same manner as in Example 2, except that the polymerization temperature 
was varied to 75 *C. The results are set forth in Table 1. 

Example 4 

Polymerization was carried out in the same manner as in Example 2, except that the polymerization temperature 
was varied to 25 °C and 2 l/hr of hydrogen was fed together with ethylene. The results are set forth in Table 1. 

Example 5 fTA-1,B) 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter. 0.25 mmol of triisobutylaJuminum (TIBA) 
was added, and successively 0.005 mmol of the compound A-1 and 0.006 mmol of triphenylcarbeniumtetraWs(pen- 
taffuorophenyl) borate (TrB) were added to initiate polymerization. The reaction was conducted at 25 °C for 1 hour in an 
ethylene gas atmosphere at normal pressure, and then a small amount of isobutano) was added to terminate the polym- 
erization. After the polymerization was completed, the reaction product was introduced into a large amount of methanol 
to precipitate a polymer in the whole amount. Then, hydrochloric acid was added, and filtration was effected using a 
glass filter. The resulting polymer was vacuum dried at 80 °C for 10 hours, to obtain 0.50 g of polyethylene. 

The polymerization activity was 100 g/rnmol-Ti • hr, and the intrinsic viscosity ft] of the polyethylene was 1 0.6 dl/g. 

Example 6 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 1 00 l/hr of ethylene. Thereafter. 0.25 mmol of triisobutylaluminum, 0.005 
mmol of the compound A-1 and 0.006 mmol of triphenylcarbeniurrrtetrakis(p€rrtafluoropheny1)borate were added to ini- 
tiate polymerization. The polymerization was conducted at 75 °C for 30 minutes, and then a small amount of isobutano! 
was added to terminate the polymerization. 

The polymer suspension obtained was introduced into 1.5 liters of methanol containing a small amount of hydro- 
chloric acid to precipitate a polymer. Then, filtration was effected using a glass filter to remove the solvent. The resulting 
potymer was washed with methanol and vacuum dried at 80 °C for 10 hours, to obtain 0.71 g of polyethylene. The 
polymerization activity was 280 g/mmol-Ti • hr. and the intrinsic viscosity ft] of the polyethylene was 7.22 cO/g. 

Example 7 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 l/hr of ethylene. Thereafter, 2.5 mmol (in terms of aluminum atom) 
of methylaluminoxane was added, and successively 0.005 mmol of the zirconium compound B-1 was added to initiate 
polymerization The reaction was conducted at 25 °C for 5 minutes in an ethylene gas atmosphere at normal pressure, 
and then a small amount of isobutano! was added to terminate the polymerization. After the polymerization was com- 
pleted, the reaction product was introduced into a large amount of methanol to precipitate a polymer in the whole 
amount Then, hydrochloric acid was added, and filtration was effected using a glass filter. The resulting polymer was 
vacuum dried at 80 °C for 10 hours, to obtain 6.10 g of polyethylene. 

The polymerization activity was 14,600 g/mmol-Zr • hr, and the intrinsic viscosity ft] of the polyethylene was 0.30 

dt/g. 

Ex amp les 9 - 24 

Ethylene polymerization was carried out in the same manner as in Example 7, except that the polymerization con- 
ditions were varied to those shown in Table 1 . The results are set forth in Table 1 . 
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Exampte 25. 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 mt of toluene was introduced, and the liquid 
phase and the gas phase were saturated with 100 t/hr of ethylene. Thereafter, 0.25 mmol of triisobutylaJuminum was 
added, and then a pre-mixed solution of 0.05 mmol of triisobutylaJurninum, 0.005 mmol of the compound B-1 and 0.006 
mmol of triph enylcarb en i umt etrakis (pentaf 1 uoro-ph e ny f) borat b was added to initiate polymerization. The polymerization 
was conducted at 25 °C tor 5 minutes, and then a small amount of isobutanol was added to terminate the polymeriza- 
tion. The polymer solution obtained was introduced into 1 .5 liters of methanol containing a small amount of hydrochloric 
acid to precipitate a polymer. The poiymer was washed with methanol and vacuum dried at 80 °C for 10 hours, to obtain 
0.99 g of poryethytena The polymerization activity was 2.380 g/mmol-Zr • hr, and the intrinsic viscosity ft) of the poly- 
ethylene was 22.4 dl/g. 

Example 26 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
phase and the gas phase were saturated with ethylene. Thereafter, 0.25 mmol of triisobutylaluminum was added, and 
successively 0.0005 mmol of the zirconium compound B-1 and 0.001 mmol of tripheriytcarbenlurrrtetraW 
phenyQborate were added to initiate polymerization. The reaction was conducted at 25 *C for 10 minutes in an ethylene 
gas atmosphere at normal pressure. After the polymerization was completed, the reaction product was introduced into 
a large amount of methanol to precipitate a polymer in the whole amount Then, hydrochloric acid was added, and f 3- 
tration was effected using a glass filter. The resulting polymer was vacuum dried at 80 °C for 1 0 hours, to obtain 0.34 g 
of polyethylene (PE). 

The polymerization activity was 4,080 g/mmol-Zr • hr, and the intrinsic viscosity ft] of the polyethylene was 12.6 

dl/g. 

Examples 27 - 31 

Ethylene polymerization was earned out in the same manner as in Example 26. except that the polymerisation con- 
ditions were varied to those shown in Table 1 . The results are set forth In Table 1 . 



Table 1 



Results of ethylene polymerization at normal pressure 



Ex 


Com- 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp. 
CO 


Time (min) 


Yield (g) 


Activity 
(g/rnmol- 
M-h) 


[Tl](dl/z) 


1 


A-1 


0.00475 


MAO 


1.1875 


25 


30 


8.02 


3400 


8.44 


2 


A-1 


0.005 


MAO 


1.25 


50 


10 


3.30 


3960 


6.37 


3 


A-1 


0.005 


MAO 


1.25 


75 


10 


3.14 


3770 


5.48 


4 


A-1 


0.005 


MAO 


125 


25 


10 


3.23 


3880 


3.53 


5 


A-1 


0.005 


TrB/TIBA 


0.006/0.25 


25 


60 


0.50 


100 


10.6 


6 


A-1 


0.005 


TrB/TIBA 


0.006/0.25 


75 


30 


0.71 


280 


7.22 


7 


B-1 


0.005 


MAO 


2.5 


25 


5 


6.10 


14600 


0.30 


8 


B-1 


0.0005 


MAO 


0.5 


25 


5 


4.85 


116000 


0.31 


9 


B-1 


0.0002 


MAO 


125 


25 


5 


3.29 


197000 


0.32 


10 


B-1 


0.0001 


MAO 


0.5 


25 


5 


2.72 


326000 


0.21 


11 


B-1 


0.00002 


MAO 


1.25 


25 


5 


0.77 


462000 


0.28 


12 


B-1 


0.00002 


MAO 


1.25 


40 


5 


0.90 


540000 


0.33 


13 


B-1 


0.0002 


MAO 


125 


0 


5 


3.09 


185000 


0.27 


14 


B-1 


O.0O02 


MAO 


1.25 


10 


5 


3.64 


218000 


0.29 
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Table 1 (continued) 



Results of ethylene polymerization at normal pressure 



Ex. 


Com- 
pound 


Amount 
(mmol) 


Cocatafyst 


Amount 
(mmol) 


Temp. 
(•C) 


Time (min) 


Yield (g) 


Activity 
(g/mmol- 
M-h) 


fo] ««/z) 


15 


B-1 


0.0002 


MAO 


1.25 


30 


5 


3.70 


222000 


0.26 


16 


B-1 


0.0002 


MAO 


1.25 


40 


5 


4.21 


253000 


0.33 


17 


B-1 


0.0002 


MAO 


1.25 


50 


5 


2.95 


177000 


0.30 


18 


B-1 


0.0002 


MAO 


1.25 


60 


5 


2.99 


179000 


0.39 


19 


B-1 


0.0002 


MAO 


1.25 


70 


5 


2.11 


127000 


0.41 


20 


B-1 


0.00008 


MAO 


1.25 


25 


5 


2.67 


401000 


0.28 


21 


B-1 


0.00008 


MAO 


1.25 


25 


15 


7.58 


379000 


0.30 


22 


B-1 


0.00008 


MAO 


1.25 


25 


30 


12.42 


311000 


0.31 


23 


B-1 


0.0002 


MAO 


1.25 


50 


15 


5.89 


118000 


0.60 


24 


B-1 


0.0002 


MAO 


1.25 


50 


30 


9.67 


96700 


1.23 


25 


B-1 


0.005 


TrB/TlBA 


O 006/10 30 


25 


5 


0.99 


2380 


22.40 


26 


B-1 


0.0005 


WT1BA 


0.001/0.25 


25 


10 


0.34 


4080 


12.6 


27 


B-1 


0.001 


TrB/TIBA 


0.002/0.25 


25 


10 


0.31 


1860 


15.0 


28 


B-1 


0.0025 


TrB/TIBA 


0.005/0.25 


25 


10 


1.28 


3070 


14.8 


29 


B-1 


0.0005 


TrB/TIBA 


0.001/0.25 


25 


10 


027 


3240 


20.1 


30 


B-1 


0.0005 


TrB/TIBA 


0.001/0.25 


50 


10 


0.22 


2640 


21.1 


31 


B-1 


0.0005 


TrB/TIBA 


0.001/0.25 


75 


10 


0.12 


1440 


16.3 



MAO : MethytalminQxane 
TtBA : Trilsooutylaluminum 

TrB : Triphenylcarbeniurntetrakis(pentaf luorophenyf)borate 



Examples. 33 -36 

Ethylene polymerization was carried out in the same manner as in Example 7, except that the compounds shown 
in Table 2 were used and the polymerization conditions were varied to those shown in Table 2. The results are set forth 
40 in Table 2. 



Table 2 



Results of ethylene polymerization at normal pressure 


Ex. 


Com- 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp. 
CC) 


Time (min) 


Yield (g) 


Activity 
(g/mmol- 
M«h) 


Enj(dl/g) 


32 


C-1 


0.005 


MAO 


1.25 


25 


5 


2.69 


6460 


0.75 


33 


C-1 


0.005 


MAO 


1.25 


75 


5 


3.47 


8330 


0.47 


34 


D-1 


0.005 


MAO 


1.25 


25 


30 


0.03 


12 


8.32 


35 


E-1 


0.005 


MAO 


1.25 


25 


30 


0.02 


8 


2.51 


36 


F-1 


0.005 


MAO 


1.25 


25 


30 


0.01 


4 


1.05 
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Examples 37-58 

In the case where methyl aJuminoxane was used as a oocatatyst ethylene polymerization was carried out in the 
same manner as in Example 7, except that the compounds shown in Table 3 were used and the polymerization condi- 
5 tions were varied to those shown in Table 3. In the case where triisobutyl aluminum and triphenylcart)eniunrtetraNs(pen~ 
tafluorophenyt) borate were used as cocataiysts, ethylene polymerization was carried out in the same manner as in 
Example 26, except that the compounds shown in Table 3 were used and the polymerization conditions were varied to 
those shown in Table 3. The results are set forth in Table 3. 

10 

Table 3 



15 



25 



35 



EX. 


Com* 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp. 
I v) 


Time 

IfTun) 


Yield (g) 


Activity 
(Q/mmoi- 
M-h) 


tn](di/g) 


37 


B-2 


0.005 


MAO 


1.25 


25 


30 


0.69 


270 


i 8.32 


38 


B-3 


0.005 


MAO 


125 


25 


30 


2.15 


860 


0.4 


39 


A-6 


0.005 


MAO 


125 


25 


5 


0.54 


1300 


4.31 


40 


A-6 


0.005 


MAO 


1.25 


75 


5 


0.76 


1820 


4.31 


41 


B-6 


0.0005 


MAO 


1.25 


25 


5 


1.38 


33100 


0.24 


42 


A-7 


0.005 


MAO 


1.25 


25 


5 


1.93 


4630 


6.84 


43 


A-7 


0.005 


MAO 


1.25 


75 


5 


1.48 


3550 


5.34 


44 


B-7 


0.005 


MAO 


1.25 


25 


5 


1.72 


4130 


0.10 


45 


A-8 


0.005 


MAO 


1.25 


25 


30 


0.90 


360 


5.70 


46 


A-8 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


1.03 


410 


4.70 


47 


B-8 


0.0001 


MAO 


0.5 


25 


5 


1.01 


121000 


0.21 


48 


B-8 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


2.57 


1030 


14.2 


49 


A-9 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.25 


100 


11.7 


50 


B-9 


0.0001 


MAO 


0.5 


25 


5 


0.27 


32400 


0.24 


51 


B-9 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


2.87 


6890 


0.30 


52 


A-10 


0.005 


MAO 


1.25 


25 


60 


0.48 


96 


11.0 



40 Examples 53 - 78 

In the case where methylaluminoxane was used as a cocatalyst ethylene polymerization was carried out in the 
same manner as in Example 7, except that the compounds shown in Table 4 were used and the polymerization condi- 
tions were varied to those shown in Table 4. In the case where triisobutylaluminum and triphenytcarbeniumtetraki&(pen- 
45 tafluorcphenyl) borate were used as cocataiysts, ethylene polymerization was carried out in the same manner as in 
Example 26, except that the compounds shown in Table 4 were used and the polymerization conditions were varied to 
those shown in Table 4. The results are set forth in Table 4. 



Table 4 



EX. 


Com- 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp, 

ro 


Time 
(mm) 


Yield (g) 


Activity 
(g/mmd-M • h) 


InKdi/g) 


53 


A-11 


0.005 


MAO 


1.25 


25 


5 


2.57 


6160 


3.71 


54 


A-11 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.95 


380 


7.22 


55 


8-11 


0.0005 


MAO 


1.25 


25 


5 


3.34 


80000 


0.42 
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Table 4 (continued) 



EX. 


pound 


Amount 
(mmol) 


oocaiHjysi 


Amount 
(mmol) 


lemp. 
CO 


Time 
(min) 


Yield (g) 


Activity 
(g/mmol-M»h) 


[nj (dl/g) 


56 


B-11 


0.005 


TrB/TIBA 


0.006/O.25 


25 


5 


2.59 


6220 


0.48 


57 


A-12 


0.005 


MAO 


1.25 


25 


5 


3.28 


7870 


4.40 


58 


A- 12 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


1.81 


724 


10.0 


59 


B-12 


0.0001 


MAO 


1.25 


25 


5 


3.71 


445200 


0.45 


60 


B-12 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


4.63 


11100 


0.46 


61 


A- 13 


0.005 


MAO 


1.25 


25 


5 


1.13 


2710 


3.54 


62 


A-13 


0.005 


TrB/TIBA 


0.006/D.25 


25 


30 


0.92 


370 


5.57 


63 


B-13 


0.0001 


MAO 


1.25 


25 


5 


2.78 


333600 


0.22 


64 


B-13 


0.005 


TrB/TIBA 


0.006/0.25 


25 


10 


3.30 


3960 


10.7 


65 


A-14 


0.005 


MAO 


1.25 


25 


5 


1.93 


4640 


4.86 


66 


A-14 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.29 


120 


7.63 


67 


B-14 


0.0001 


MAO 


1.25 


25 


5 


2.02 


242400 


0.31 


68 


B-14 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


1.83 


4390 


0.69 


69 


A-15 


0.005 


MAO 


1.25 


25 


10 


2.05 


2460 


4.90 


70 


B-15 


0.005 


MAO 


1.25 


25 


10 


3.22 


3870 


0.74 


71 


A-16 


0.005 


MAO 


1.25 


25 


30 


0.71 


280 


3.47 


72 


B-16 


0.005 


MAO 


1.25 


25 


10 


0.41 


490 


0.58 


73 


A-17 


0.005 


MAO 


1.25 


25 


30 


1.52 


608 


5.50 


74 


B-17 


0.005 


MAO 


1.25 


25 


30 


2.16 


860 


0.40 


75 


A-18 


0.005 


MAO 


1.25 


25 


30 


0.34 


136 


3.98 


76 


B-18 


0.0005 


MAO 


1.25 


25 


5 


1.68 


40300 


4.42 


77 


B-18 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


2.22 


5330 


1.87 


78 


B-19 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.50 


200 


24.40 



Examples 79 • 1 ) 1 



In the case where methytaluminoxane was used as a cocatalyst, ethylene polymerization was carried out in the 
same manner as in Example 7, except that the compounds shown in Table 5 were used and the polymerization condi- 
tions were varied to those shown in Table 5. In the case where triisobutylaluminum and tnphenylcarbeniumtetrakis(pen- 
tHflucfophenyf) borate were used as cocatalysts, ethylene polymerization was carried out in the same manner as in 
Example 26, except that the compounds shown in Table 5 were used and the polymerization conditions were varied to 
those shown in Table 5. The results are set forth in Table 5. 



Table 5 



EX. 


Com- 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp. 
(°C) 


Time 
(min) 


Yield (g) 


Activity 
(o/mmol- 
M*h) 


[n](di/g) 


79 


A-21 


0.005 


MAO 


1.25 


25 


5 


3.22 


7730 


6.34 


80 


A-21 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.57 


230 


9.06 


81 


B-21 


0.0001 


MAO 


1.25 


25 


5 


1.24 


148800 


0.27 
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Table 5 (continued) 



5 


EX. 


Com- 
pound 


Amount 
(mmol) 


CocataJyst 


Amount 
(mmol) 


Temp. 
(•C) 


Time 
(rrrin) 


Yield (g) 


Activity 
(grmmol- 
M-h) 


fo]««/g> 




82 


B-21 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


1.18 


2830 


3.06 




83 


A-22 


0.005 


MAO 


1.25 


25 


5 


1.78 


4270 


4.00 




84 


B-22 


0.0002 


MAO 


1.25 


25 


5 


1.60 


96000 


0.41 


10 


85 


6-22 


0.005 


TrB/TIBA 


0.006/0.25 


i 25 


5 


4.64 


11100 


0.24 




86 


A-23 


0.005 


MAO 


1.25 


25 


10 


0.38 


460 


1.53 




87 


B-23 


0.005 


MAO 


1.25 


25 


30 


2.34 


940 


0.31 


15 


88 


A-24 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.44 


176 


7.11 


89 


B-24 


0.005 


MAO 


1.25 


25 


15 


1.62 


1300 


2.03 




90 


B-24 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


1.10 


440 


0.57 




91 


A-25 


0.005 


MAO 


1.25 


25 


5 


1.71 


4100 


6.55 


20 


92 


A-25 


0.005 


TrB/TIBA 


0.006/D.25 


25 


15 


1.30 


1040 


10.5 




93 


B-25 


0.0002 


MAO 


1.25 


25 


5 


1.89 


113000 


0.44 




94 


B-25 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


4.34 


10400 


0.44 


25 


95 


A-26 


0.005 


MAO 


1.25 


25 


5 


1.04 


2450 


3.44 




96 


B-26 


0.0001 


MAO 


61.25 


25 


5 


2.62 


314000 


0.43 




97 


B-26 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


0.95 


2300 


12.5 




98 


A-27 


0.005 


MAO 


1.25 


25 


15 


0.31 


240 


1.81 


30 


99 


B-27 


0.005 


MAO 


1.25 


25 


5 


5.11 


12300 


6.34 




100 


B-27 


5E-05 


MAO 


0.25 


25 


5 


2.41 


57800 


10.6 




101 


B-27 


2E-05 


MAO 


0.25 


25 


5 


1.31 


78400 


7.73 


35 


102 


B-27 


0.005 


TrB/TIBA 


0.006/0.25 


25 


5 


1.98 


4750 


5.67 




103 


A-28 


0.005 


MAO 


1.25 


25 


5 


1.35 


3240 


4.92 




104 


A-28 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.34 


140 


12.4 




105 


B-28 


0.0001 


MAO 


1.25 


25 | 


5 


2.03 


244000 


0.76 


40 


106 


B-28 


0.005 


TrB/TIBA 


0.006/0.25 


25 


10 


4.20 


5040 


19.6 




107 


A-29 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.18 


72 


13.2 




108 


B-29 


0.005 


MAO 


1.25 


25 


30 


0.49 


200 


8.43 


45 


109 


A-30 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.16 


60 


19.7 




110 


B-30 


0.005 


MAO 


1.25 


25 


30 


0.30 


120 


12.0 




111 


B-30 


0.005 


TrB/TIBA 


0.006/0.25 


25 


30 


0.45 


180 


23.0 



so Examples 112.- 121 



In the case where methylaJuminoxane was used as a cocatalyst ethylene polymerization was carried out in the 
same manner as in Example 7, except that the compounds shown in Table 6 were used and the polymerization condi- 
tions were varied to those shown in Table 6. In the case where triisobutylaluminum and triphenylcaraeniumtetrakis(pen- 
ss tafluorcphenyOborate were used as cocataJysts, ethylene polymerization was carried out in the same manner as in 
Example 26, except that the compounds shown in Table 6 were used and the polymerisation conditions were varied to 
those shown in Table 6. 

The results are set forth in Table 6. 
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Table 6 



10 



20 



ry 
CA. 


Com- 
pound 


Amount 
(mmol) 


CocataJyst 


Amount 
(mmol) 


Temp. 
CO 


Time 
(min) 


Tien (Qj 


Activity 
(gAnmoi- 
M-h) 




112 


A-31 


0.005 


MAO 


1.25 


25 


30 


0.63 


250 


5.49 


113 


A-31 


0.005 


TrOTBA 


0 006/0.25 


25 


30 


0.49 


200 


15.30 


114 


B-31 


0.005 


MAO 


1.25 


25 


30 


1.38 


550 


0.99 


115 


A-32 


0.005 


MAO 


1.25 


25 


60 


0.02 


2 


6.81 


116 


A-35 


0.005 


MAO 


1.25 


25 


60 


0.01 


4 


9.09 


117 


A-39 


0.005 


MAO 


1.25 


25 


30 


0.10 


40 


1.66 


118 


B-39 


0.005 


MAO 


1.25 


25 


5 


1.06 


2540 


0.29 


119 


B-39 


0.005 


TrB/TIBA 


0.006/0.25 


25 


20 


1.10 


660 


4.42 


120 


A-40 


0.005 


MAO 


1.25 


25 


30 


1.10 


440 


4.59 


121 


B-40 


0.005 


MAO 


1.25 


25 


30 


0.25 


200 


1.28 



Examples 122 -13Q 

tn the case where methylaluminoxane was used as a cocatalyst, ethylene polymerization was carried out in the 
25 same manner as in Example 7, except that the compounds shown in Table 7 were used and the polymerization condi- 
tions were varied to those shown in Table 7. In the case where triisobutytaluminum and triphenylcarbeniumtetrakistpen- 
tafluorophenyOborate were used as cocataJysts, ethylene polymerization was carried out in the same manner as in 
Example 26. except that the compounds shown in Table 7 were used and the polymerization conditions were varied to 
those shown in Table 7. 
30 The results are set forth in Table 7. 



Table 7 



35 



40 



45 



50 



EX. 


Com- 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp. 
CO 


Time 
(min) 


Yield (g) 


Activity 
(g/mmol- 
M*h) 


fo](avg) 


122 


A-34 


0.005 


MAO 


1.25 


25 


60 


0.01 


2 


6.31 


123 


A-35 


0.005 


MAO 


1.25 


25 


60 


0.05 


10 


5.88 


124 


A-36 


0.005 


MAO 


1.25 


25 


60 


0.03 


6 


7.77 


125 


B-37 


0.005 


MAO 


1.25 


25 


60 


0.01 


2 


6.09 


126 


B-38 


0.005 


MAO 


1.25 


25 


60 


0.01 


2 


8.03 


127 


A-41 


0.005 


MAO 


1.25 


25 


15 


0.96 


770 


4.00 


128 


B-41 


0.005 


WTIBA 


0.006/0.25 


25 


5 


0.59 


1420 


7.07 


129 


A-43 


0.005 


TrB/TIBA 


0.006/0.25 


25 


15 


0.18 


140 


6.81 


130 


B-43 


0.005 


TrB/TIBA 


0.006/0.25 


25 


15 


1.35 


1080 


0.84 



Esampifljaj 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
55 phase and the gas phase were saturated with a mixed gas eft 50 l/hr of ethylene and 150 l/hr of propylene. Thereafter, 
1 .25 mmol (in terms of aluminum atom) of methylaluminoxane and 0.005 mmol of the compound A-1 were added to ini- 
tiate polymerization. The polymerization was conducted at 25 °C for 15 minutes, and then a small amount of isobutanol 
was added to terminate the polymerization. 
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The polymer suspension obtained was introduced into 1.5 liters of methanol containing a small amount of hydro- 
chloric acid to precipitate a polymer. Then, filtration was effected using a glass titer to remove the solvent. The resulting 
polymer was washed with methanol and vacuum dried at 80 °C for 10 hours, to obtain 0.95 g of an ethylene/propylene 
copolymer. The polymerization activity was 760 g/mmoJ-Tl • hr, the propylene content as measured by IR was 4.67 % 
by mol. and the intrinsic viscosity ft) of the copolymer was 2.21 dl/g. 

Example 132 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced, and the liquid 
chase and the gas phase were saturated with a mixed gas of lOOtmrof ethylene and 100 Imr of propylene Thereafter, 
0.25 mmd of triisobutylaiuminum was added, and then a pre-mixed solution of 0.025 mmol of triisobutytaluminum, 
0.0025 mmol of the compound B-1 and 0.005 mmol of triphenytcarberiurrrtetraMs(pert (TrB) was 

added to initiate polymerization. The polymerization was conducted at 50 *C for 5 minutes, and then a small amount of 
isobutanol was added to terminate the polymerization. 

The polymer solution obtained was introduced into 1 .5 liters of methanol containing a small amount of hydrochloric 
acid to precipitate a polymer. The polymer was washed with methanol and vacuum dried at 130 °C for 10 hours, to 
obtain 1 .63 g of an ethylenefcropylene copolymer. The polymerization activity was 7,820 g/mmol-Zr • hr, the propylene 
content as measured by IR was 20.7 % by mol, and the intrinsic viscosity ft] of the copolymer was 1 3.4 dl/g. 

Example 133 

Copolymerization was carried out in the same manner as in Example 1 32, except that the compound B- 1 was used, 
the flow rates of ethylene and propylene were varied to 50 l/hr and 150 l/hr. respectively, and the polymerization tem- 
perature and the amounts of the catalysts were varied to those shown In Table 8. 

The results are set forth in Table 8. 



Copolymerization was carried out in the same manner as in Example 131 . except that the compounds shown in 
Table 8 were used. 

The results are set forth in Table 8. 
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Table 8 



Results of ethylene /propylene copolymerization 
at normal pressure 



Ex. 


Com- 
pound 


Amount 
(mmol) 


Cocataiyst 


Amount 
(mmol) 


Temp. 

Co 


Time 

(min) 


Yield 


Activity 
(g/mmoi-Mh) 


in) 
(di/«) 


content 

(mol%) 


131 


A-i 


0.005 


MAO 


1.25 


25 


IS 


0.95 


760 


2.21 


4.67 


132 


a-i 


0.002S 


TrS/TlBA 


0.0OS/O.27S 


50 


5 


1.63 


7820 


13.40 


20.7 


133 


a-i 


0.005 


TrB/VBA 


0.006/0.3 


25 


10 


1.28 


1540 ' 


12.40 


31.3 


134 


6-1 


0.005 


MAO 


1.25 


25 


10 


8.42 


10100 


0.03 


29.2 


135 


C-1 


0.005 


MAO 


1.2S 


25 


10 


2.30 


2760 


0.32 


7.19 


138 


8-6 


0.005 


MAO 


1.25 


25 


10 


3.64 


4370 


0.14 


10.2 


137 


9-8 


0.005 


MAO 


1.25 


25 


10 


4.13 


4980 


0.13 


12.43 


138 


B-9 


0.005 


MAO 


1.25 


25 


10 


3.31 


3970 


0.13 


8.3 


139 


A-ll 


0.0O5 


MAO 


1.25 


2* 


10 


0.69 


830 


0.80 


7.8 


140 


A-12 


0.0O5 


MAO 


1.25 


25 


10 


0.37 


400 


0.41 


3.8 


141 


B-tZ 


o.oos 


MAO 


1.25 


25 


10 


4.14 


4970 


0.11 


18.5 


142 


8-13 


0.005 


MAO 


1.25 


25 


to 


7.36 


9430 


0.05 


30.1 


143 


B-18 


O.OOS 


MAO 


1.25 


25 


10 


1.92 


2300 


3.53 


3.09 


144 


A-21 


0.005 


MAO 


1.25 


25 


10 


0.74 


890 


1.92 


8.2 


MS 


A-22 


0.005 


MAO 


1.25 


25 


10 


6.85 


8220 


0.08 


15.4 


146 


B-25 


0.005 


MAO 


1.25 


25 


10 


3.36 


4630 


0.16 


12.1 


M7 


B-28 


0.005 


MAO 


1.25 


25 


10 


4.28 


5140 


0.05 


26.3 


• 1*8 


B-27 


0.005 


MAO 


1.25 


25 


10 


3.55 


4260 


1.11 


6.5 


149 


B-28 


0.005 


MAO 


1.25 


25 


10 


4.51 


5410 


0.19 


14.5 



40 Example 150 

To a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced. Then, 100 l/hr of 
ethylene and 20 L/hr of butadiene were passed through the system After 10 minutes, 5.0 mmol (in terms of aluminum 
atom) of methytaluminaxane was added, and successively 0.01 mmol of the titanium compound A-1 was added to ini- 
45 tiate polymerisation. The reaction was conducted at 25 °C for 20 minutes with passing the mixed gas of ethylene and 
butadiene at normal pressure, and then a small amount of methanol was added to terminate the polymerization. The 
reaction product was introduced into a large amount of hydrochloric add/met hand to precipitate a polymer in the whole 
amount The polymer was filtered with a glass filter and vacuum dried at 80 °C for 10 hours, to obtain 0.53 g of an eth- 
yl en e/butadiene copolymer. 

so The polymerization activity per 1 mmol of titanium was 149 g, and the intrinsic viscosity ft] of the copolymer was 
1.46 dl/g. The content of all the butadiene units in the copolymer, as determined by NMR analysis, was 0.9 % by mol 
(1 ,4-cis form + 1,4-trans form: 0.8 % by md, 1 ,2-vinyl form: 0.1 % by mol, cydopentane skeleton: less than 0.1 % by 
mol (lower than the detection limit)). 

55 Example 151 

Polymerization was carried out in the same manner as in Example 1 50, except that a zirconium compound B-1 was 
used in place of the titanium compound A-1 . The yield of the copolymer was 2.65 g. 
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The polymerization activity per 1 mmol of zirconium was 3,180 g. and the intrinsic viscosity ft] of the copolymer 
was 0.70 a% The content of ail the butadiene units in the copolymer, as determined by NMR analysis, was 1 .2 % by 
mot (1.4-cisform + 1,4-trans form: 1.1 %by md. 1.2-vinyl form: 0.1 %by mot, cyctopentane skeleton: less than 0.1 % 
by mol Cower than the detection limit)). 

5 

Exarrde 152 

Polymerization was carried out in the same manner as in Example 151, except that the polymerization time was 
varied to 20 minutes and the flow rates of ethylene and butadiene were varied to 20 l/hr and 80 l/hr, respectively. The 
io yield of the copolymer was 0.74 g. 

The polymerization activity per 1 mmol of Zirconium was 446 g. and the intrinsic viscosity [nj of the copolymer was 
0.87 dl/g. The content of ail the butadiene units in the copolymer, as determined by NMR analysis, was 5.3 % by md 
(1.4-cis form + 1,4-trans form: 4.7 % by md, 1.2-vinyl form: 0.6 % by md, cyclopentane skeleton: less than 0.1 % by 
md (lower than the detection limit)). 

15 

Example 153 

Polymerization was carried out in the same manner as in Example 151 . except that the polymerization time was 
varied to 5 minutes and the flow rates of ethylene and butadiene were varied to 50 l/hr and 50 l/hr, respectively The yield 
20 of the copolymer was 0.57 g. 

The polymerization activity per 1 mmol of zirconium was 342 g, and the intrinsic viscosity ft] of the copolymer was 
0.34 dl/g. The content of all the butadiene units in the copolymer, as determined by NMR analysis, was 2.4 % by md 
(1,4-cis form + 1,4-trans form: 2.3 % by md, 1.2-vinyl form: 0.1 % by md, cyctopentane skeleton: less than 0.1 % by 
md (lower than the detection limit)). 

25 

Example 154 

Polymerization was carried out In the same manner as in Example 153, except that the polymerization temperature 
was varied to 50 °C. The yield of the copolymer was 0.627 g. 
so The pdymerization activity was 1 ,488 g/mmol-Zr • hr, and the intrinsic viscosity [nj of the copolymer was 0. 1 6 dl/g. 
The content of the butadiene units in the copolymer, as determined by NMR analysis, was 3.3 % by mol (1.4-cis form + 
1 ,4-trans form: 3.2 % by mol, 1 ,2-vinyl form: 0.1 % by mol. cyclopentane skeleton: less than 0.1 % by md (lower than 
the detection limit)). 

35 Example 155 

Polymerization was carried out in the same manner as in Example 1 53, except that the polymerization temperature 
was varied to 50 °C and the flow rates of ethylene and butadiene were varied to 40 l/hr and 60 l/hr, respectively. The 
yield of the copdymer was 0.37 g. 
40 The polymerization activity was 888 g/mmol-Zr • hr, and the intrinsic viscosity ft] of the copolymer was 0. 1 7 dl/g. 
The content of the butadiene units in the copolymer, as determined by NMR analysis, was 4.8 % by mol (1,4-cis form + 
1 ,4-trans form: 4.6 % by mol, 1 ,2-vinyl form: 0.2 % by mol, cyclopentane skeleton: less than 0.1 % by md (lower than 
the detection limit)). 

45 Example 156 

Polymerization was carried out in the same manner as in Example 1 53, except that the polymerization temperature 
was varied to 60 °C and the flow rates of ethylene and butadiene were varied to 40 l/hr and 60 l/hr. respectively. The 
yield of the copdymer was 0.41 7 g. 
50 The polymerization activity was 984 g/mmol-Zr * hr, and the intrinsic viscosity [nj of the copolymer was 0.12 dl/g. 
The content of the butadiene units in the copolymer, as determined by NMR analysis, was 5.8 % by mol (1 ,4-cis form + 
1 ,4-trans form: 5.6 % by mol, 1 ,2-vinyl form: 0.2 % by mol, cyclopentane skeleton: less than 0.1 % by md (lower than 
the detection limit)). The molecular weight distribution (Mw/Mn) as measured by the GPC was 1 .85. 

55 Example 1§7 

Polymerization was carried out in the same manner as in Example 153. except that the polymerization temperature 
was varied to 50 °C and the flow rates of ethylene and butadiene were varied to 30 l/hr and 70 l/hr, respectively. The 
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yield of the copolymer was 024 g. 

The polymerization activity was 576 g/mmol-Zr • hr. and the intrinsic viscosity fo] of the copolymer was 0.14 cfl/g. 
The content of the butadiene units in the copolymer, as determined by NMR analysis, was 6.6 % by moJ (1 ,4-cis form + 
1 ,4-trans form: 6.3 % by mol. 1 ,2-vinyl form: 02 % by mol. cydopentane skeleton: less than 0.1 % by mol (lower than 
5 the detection limit}). The molecular weight distribution (Mw/Mn) as measured by the GPC was 2.05. 

Example 158 

To a 1 -liter SUS autoclave thoroughly purged with nitrogen, 500 ml of heptane was introduced, and the gas phase 
to and the liquid were saturated with ethylene at 50 °C. Then, 1 .25 mmol (in terms of aluminum) of methylalumtnoxane 
and 0.001 mmol of the compound A-1 were added, and polymerization was performed for 15 minutes under an ethylene 
pressure of 8 kg/crrr^-G. 

To the polymer suspension obtained, 1.5 liters of methanol containing a small amount of hydrochloric acid was 
added to precipitate a polymer. Then, filtration was effected using a glass filter to remove the solvent The resulting pol- 
ls ymer was washed with methanol and vacuum dried at 80 «C for 10 hours, to obtain 11 22 g of polyethylene. The polym- 
erization activity was 44.9 g/mmd-Ti • hr. and the intrinsic viscosity to] of the polyethylene was 7.91 dl/g. 

Examples 159 -163 

20 Polymerization was carried out in the same manner as in Example 1 58, except that the compounds shown in Table 
9 were used and the polymerization conditions were varied to those shown in Table 9. 
The results are set forth in Table 9. 



Table 9 



Examples of ethylene polymerization under pressure 


Ex 


Com- 
pound 


Amount 
(mmol) 


Cocatalyst 


Amount 
(mmol) 


Temp. 
CO 


Time 
(min) 


Yield (g) 


Activity 
(g/mmol-M • h) 


fo](d>/g) 


158 


A-1 


0.001 


MAO 


1.25 


50 


15 


11.22 


44.9 


7.91 


159 


A-1 


0.001 


MAO 


1.25 


75 


15 


11.96 


47.8 


7.31 


160 


B-1 


0.00005 


MAO 


1.25 


50 


15 


14.90 


1192 


1.15 


161 


C-1 


0.00025 


MAO 


1.25 


50 


15 


8.29 


132 


2.30 


162 


A-7 


0.001 


MAO 


1.25 


50 


15 


4.83 


19.3 


4.44 



Example 163 

40 

Preparation of soJId catalyst component 

In 154 liters of toluene. 10 Kg of silica having been dried at 250 °C for 10 hours was suspended, and the suspension 
was coded to 0 *C. Then. 57.5 (iters of a metrryialurrrirtoxane solution (Al - 1 .33 moM) was dropwise added over a 

45 period of 1 hour. During the addition, the temperature of the system was maintained at 0 °C, and the reaction was con- 
ducted at 0 for 30 minutes. Then, the temperature of the system was raised up to 95 °C over a period of 1 .5 hours, 
and at this temperature the reaction was conducted for 20 hours. The temperature of the system was then lowered to 
60 °C, and the supernatant liquid was removed by decantation. The resulting solid catalyst component was washed 
twice with toluene and resuspended in toluene, to obtain a solid catalyst component (A) (whole volume: 200 liters). 

so 22.4 Milliliters of the suspension of the solid catalyst component (A) as obtained above was transferred into a 200 
ml glass flask, and then 175 ml of toluene and 4.8 ml of a toluene solution of the compound A-1 (Ti = 0.01 mmol/I)were 
added. The mixture was stirred at room temperature for 2 hours. The resulting suspension was washed three times with 
200 ml of hexane. and hexane was added to give 200 ml of a suspension and a solid catalyst component (B). 

55 Polymerization 

To a 2-liter SUS autoclave thoroughly purged with nitrogen, 1 liter of heptane was introduced, and the gas phase 
and the liquid were saturated with ethylene at 50 C C. Then, 1.0 mmol of triisobutylaluminum and 0.005 mmol (in terms 
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of Tl atom) ot the solid catalyst component (B) were added, and polymerization was performed for 90 minutes under an 
ethylene pressure of 8 kg/cm 2 -G. 

The polymer suspension obtained was filtered with a glass filter, washed twice with 500 ml of haxane and vacuum 
dried at 80 *C for 10 hours, to obtain 8.96 g of polyethylene. The polymerization activity was 1,790 g/mmol-71 • hr, and 
5 the intrinsic viscosity fnj of the polyethylene was11.7dl/g. 

Example 164 

To a 200 ml reactor thoroughly purged with nitrogen. 60 ml of heptane and 40 mJ of 1 -haxene were introduced, and 
they were stirred at 25 °C. Thereafter, 0.25 mmd of triisobutyl aluminum was added, and then a mixed solution of 0.1 
mmol of trijsobutylaluminum. 0.01 mmol of the compound A-1 and 0.012 mmol of tripheny(ca^eniumtetralds(penta* 
ftuorophenyQborate was added to initiate polymerization. The reaction was conducted at 25 °C for 1 hour, and then a 
small amount of isobutanol was added to terminate the polymerization. 

The polymer suspension obtained was added little by little to 1 liter of acetone to precipitate a polymer. The polymer 
was separated from the solvent and vacuum dried at 130 °C tor 10 hours, to obtain 3.15 g of poryhexene. The polym- 
erization activity was 315 g/rnmoJ-Tl • hr. The molecular weight (Mw), as measured by GPC. was 1 .460.000 On terms of 
polystyrene), and the molecular weight distribution (Mw/Mn) was 2.06. 

Example 16S 

To a 500 ml reactor thoroughly purged with nitrogen. 250 ml of toluene was introduced, and the liquid phase and 
the gas phase were saturated with ethylene at 25 *C. Thereafter, while passing 80 l/hr of butadiene. 1.0 mmol of tri- 
isobutyl aluminum was added, and successively 0.01 mmol of the titanium compound A-1 and 0.02 mmol of triphenyl- 
carbeniurntetrakis(pentafluorophenyt)borate were added to initiate polymerization. The reaction was conducted at 25 
•C for 20 minutes, and then a small amount of isobutanol was added to terminate the polymerization. After the polym- 
erization was completed, the reaction product was introduced into a large amount of methanol to precipitate a polymer 
in the whole amount. Then, hydrochloric acid was added, and filtration was effected using a glass filter. The resulting 
polymer was vacuum dried at 80 °C for 10 hours, to obtain 1.481 g of polybutadiene. 

The polymerization activity was 444 g/mmol-Tl • hr, and the molecular weight (Mw) of the copolymer was 1 .760.000 
On terms of polystyrene). 

Claims 

1 . An olefin polymerization catalyst comprising: 

35 

(A) a transition metal compound represented by the following formula (I). and 

(B) at least one compound selected from: 

(B-1) an organometallic compound, 
40 (B-2) an organoalurrrinum oxy -compound, and 

(B-3) a compound which reacts with the transition metal compound (A) to form an ion pair: 
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wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
mis an integer of 1 to 6. 

R 1 to R 6 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon 
group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a 
boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-contain- 
ing group, a germanium-containing group or a tin-containing group, and two or more of them may be 
bonded to each other to form a ring, 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso 
that the groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sul- 
fur-containing group, a ririrogervcontaining group, a boron-containing group, an aluminum-con- 
taining group, a phosphorus-containing group, a halogen-containing group, a heterocyclic 
compound residue, a silicon-containing group, a germanium-containing group or a tin-containing 
group, and when n is 2 or greater, plural groups X may be the same or different and may be 
bonded to each other to form a ring. 



The olefin polymerization catalyst as claimed in claim 1 , wherein R 6 in the formula (0 is a halogen atom, a hydro- 
carbon group, a heterocyclic compound residue, an oxygen-containing group a nitrogen-containing group, a boron- 
containing group, a sulfur-containing group a phosphorus-containing group, a silicon-containing group, a germa- 
nium-containing group or a tin-containing group. 

The olefin polymerization catalyst as claimed in claim 1, wherein the transition metal compound represented by the 
formula (I) is a transition metal compound represented by the following formula (l-a): 



wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
m is an integer of 1 to 3. 

R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a heterocyclic compound residue, a hydrocarbon-substituted sityl group, a hydrocarbon -substituted siloxy 
group, an alkoxy group, an aikyfthio group an aryloxy group, an arytthb group, an acyi group, an ester group, 
a thioester group, an amido group, an imkJo group, an amino group, an imino group a sutfonester group, a sul- 
fonamide group, a cyano group, a nrtro group, a carboxyl group a sulfo group, a mercapto group or a hydroxy! 
group, and two or more of them may be bonded to each other to form a ring, 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-con- 
taining group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group a 
phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, a silicon- 
containing group, a germanium-containing group or a tin-containing group, and when n is 2 or greater, plu- 
ral groups X may be the same or different and may be bonded to each other to form a ring. 




ra 



(I-a) 
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4. The olefin pofymerization catalyst as claimed in claim 3, wherein R 6 in the formula (l-a) is a halogen atom, a hydro- 
carbon group, a heterocyclic compound residue, a hydrocarbon-substituted sflyt group, a hydrocarbon-substituted 
silaxy group, an alkoxy group, an alkylthio group, an aryloxy group, a arytthio group, an acyl group, an ester group, 
a thio ester group, an amido group, an irrado group, an amino group, an imino group, a sutfonester group, a sulfon- 
amide group, a cyano group, a nitro group, a carbaxyl group, a suffo group, a mercapto group or a hydroxyt group. 

5. The olefin polymerization catalyst as daimed in claim 1 . wherein the transition metal compound represented by the 
formula (I) is a transition metal compound represented by the following formula (l-a-1 ): 




MX, 



-TO 



(I-a-1) 



wherein M is a transition metal atom of Group 3 to Group 11 of the periodic table, 
m is an integer of 1 to 3, 

R 1 to R 6 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a heterocyclic compound residue, a hydrocarbon-substituted silyl group, a hydrocarbon-substituted silaxy 
group, an alkoxy groups an alkylthio group, an aryloxy group, an arytthio group, an acyl group, an ester group, 
a thio ester group, an amido group, an imido group, an amino group, an imino group, a sutfonester group, a sul- 
fonamide group, a cyano group, a nitro group or a hydroxy! group, and two or more of them may be bonded to 
each other to form a ring. 

when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
groups R 1 are not bonded to each other, 
n is a member satisfying a valence of M, and 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sutfur-containing group or a 
silicon-containing group, and when n is 2 or greater, plural groups X may be the same or different and may 
be bonded to each other to form a ring. 

The olefin polymerization catalyst as claimed in claim 5, wherein R 6 in the formula (l-a-1) is a halogen atom, a 
hydrocarbon group, a heterocyclic compound residue, a hydrocarbon -substituted silyl group, a hydrocarbon-substi- 
tuted siloxy group, an alkoxy group, an alkylthio group, an aryloxy group, an arytthio group, an acyl group an ester 
group, a thio ester group, an amido group, an imido group, an amino group, an imino group, a sutfonester group, a 
sulfonamide group, a cyano group, a nitro group or a hydroxy! group. 

The olefin polymerization catalyst as claimed in claim 1. wherein the transition metal compound represented by the 
formula (I) is a transition metal compound represented by the following formula (l-b): 
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' M 



(I-b) 



wherein M is a transition metal atom of Group 3 to Group 11 of the periodic table, 
m is an integer of 1 to 6, 

so R 1 to R 6 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 

a hydrocarbon-substituted silyl group, an altoxy group, an arytoxy group, an ester group, an amido group, an 
amino group, a sultonamido group, a cyano group or a nitro group, and two a more of them may be bonded to 
each other to form a ring, and 

ss when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 

groups R 1 are not bonded to each other. 

6. The olefin polymerization catalyst as claimed in claim 5, wherein R 6 in the formula (l-b) is a halogen atom, a hydro- 
carbon group, a hydrocarbon-substituted silyl group, an alknxy group, an aryloxy group, an ester group, an amido 
so group, an amino group, a sulfonamide) group, a cyano group or a nitro group 

9. The olefin polymerization catalyst as claimed in any one of claims 1 to 8, wherein M in the transition metal com- 
pound (A) is at least one transition metal atom selected from Groups 3 to 5 and Group 9 of the periodic table. 

ss 1 a The olefin polymerization catalyst as claimed in any one of claims 1 to 6, further comprising a carrier (C) in addition 
to the transition metal compound (A) and at least one compound (B) selected from the organometallic compound 
(B-1), the organoaluminum oxy-compound (B-2) and the compound (B-3) which reacts with the transition metal 
compound (A) to form an ion pair. 

40 1 1 . A process for olefin polymerization: comprising polymerizing or copolymerizing an olefin in the presence of the ole- 
fin polymerization catalyst as claimed in any one of claims 1 to 10. 

1 2. An olefin polymerization catalyst comprising: 

45 (AO a transition metal compound represented by the following formula (II), and 

(B) at least one compound selected from: 



(B-1) an organometallic compound, 

(B-2) an organoaluminum oxy-compound, and 

(B-3) a compound which reacts with the transition metal compound (A*) to form an ion pair: 
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wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 
R 1 to R 10 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocar- 
bon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing 
group, a boron -containing group, a sulfur-containing group, a phosphorus-containing group, a silicon- 
containing group, a germanium-containing group or a tin-containing group, and two or more of them 
may be bonded to each other to form a ring, 
n is a number satisfying a valence of M, 

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur- 
containing group, a nitrogen-containing group, a boron-containing group, an aluminum-containing 
group, a phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, 
a silicon-containing group, a germanium-containing group or a tin-containing group, and when n is 2 
or greater, plural groups X may be the same or different and may be bonded to each other to form a 
ring, and 

Y is a divalent bonding group containing at least one element selected from the group consisting of 
oxygen, sulfur, carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when it is a hydro- 
carbon group, the hydrocarbon group has 3 or more carbon atoms. 



1 3. The olefin polymerization catalyst as claimed in claim 12, wherein at least one of R 6 and R 10 in the formula (10 is a 
halogen atom, a hydrocarbon group, a heterocyclic compound residue, an oxygen -containing group, a nitrogen- 
containing group, a boron-containing group, a sutfur-containing group, a phosphorus-containing group, a silicon- 
containing group, a germanium-containing group or a tin-containing group. 

14. The olefin polymerization catalyst as claimed in claim 12, wherein the transition metal compound represented by 
the formula (II) is a transition metal compound represented by the following formula (ll-a): 



wherein M is a transition metal atom of Group 3 to Group 1 1 of the periodic table, 

R 1 to R 10 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a hydrocarbon-substituted silyi group, an alkoxy group, an arytoxy group, an ester group, an arnido group, an 
amino group, a sulfonamide group, a cyano group or a nitro group, and two or more of them may be bonded to 
each other to form a ring, 




(Il-a) 
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n is a number satisfying a valence of M, 

X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing 
group, a sulfur-containing group or a silicon-containing group, and when n is 2 or greater, plural groups may be 
the same or different and may be bonded to each other to form a ring, and 

Y is a divalent bonding group containing at least one element selected from the group consisting of oxygen, 
sulfur, carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when it is a hydrocarbon group, the 
hydrocarbon group has 3 or more carbon atoms. 

1 5. The olefin polymerization catalyst as claimed in claim 14, wherein at least one of R 6 and R 10 in the formula (ll-a) is 
a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyi group, an alkoxy group, an aryloxy group, an 
ester group, an arrado group, an amino group, a surfonamido group, a cyano group or a nitro group. 

1 6. The olefin polymerization catalyst as claimed in any one of claims 1 2 to 1 5. wherein M in the transition metal com- 
pound (A*) is a transition metal atom of Group 4 or Group 5 of the periodic table. 

1 7. The olefin polymerization catalyst as claimed in any one of claims 1 2 to 16, further comprising a earner (C) in addi- 
tion to the transition metal compound (A*) and at least one compound (B) selected from the organometalllc com- 
pound (B-1), the organoaluminum oxy- compound (B-2) and the compound (B-3) which reacts with the transition 
metal compound (AO to form an ion pair. 

18. A process for olefin polymerization, comprising polymerizing or copolymerizing an olefin in the presence of the ole- 
fin polymerization catalyst as claimed in any one of claims 1 2 to 1 7. 



1 9. A transition metal compound represented by the following formula (III): 




wherein Mis a transition metal atom of Group 4 or Group 5 of the periodic table, 
m is an integer of 1 to 3. 

R 1 is a hydrocarbon group, a hydrocarbon-substituted silyi group, a hydrocarbon-substituted siloxy group, an 
alkoxy group, an alkytthio group, an aryloxy group, an arytthio group, an ester group, a thioester group, a sul- 
fon ester group or a hydroxy! group, 

R 2 to R 5 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a heterocyclic compound residue, a hydrocarbon-substituted silyi group, a liydrocarbon-substituted siloxy 
group, an alkoxy group, an alkytthio group, an aryloxy group, an arytthio group, an ester group, a thioester 
group, an ami do group, an imtdo group, an amino group, an imino group, a su Hon ester group, a sulfonamide 
group, a cyano group, a nitro group, a carboxyl group, a sutto group, a mercapto group or a hydroxy! group, 
R 6 is a halogen atom, a hydrocarbon group, a hydrocarbOT-substrhJted silyi group, a hydrocarbon-substituted 
siloxy group, an alkoxy group, an alkytthio group, an aryloxy group, an arytthio group, an ester group, a 
thioester group, an amido group, an imido group, an imino group, a sulfonester group, a sulfonamide group or 
a cyano group, 

two or more of R 1 to R 6 may be bonded to each other to form a ring, 
when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 
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groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitro- 
gen-containing group, a boron -containing group, an aluminum-containing group, a phosphorus-containing 
group, a haJog en-containing group, a heterocyclic compound residue, a sfl icon-containing group, a germa- 
nium-containing group or a tin-containing group, and when n is 2 or greater, plural groups X may be the 
same or different and may be bonded to each other to form a ring. 

2a The transition metal compound as claimed in claim 1 9, which is represented by the following formula (ill-a): 




MX, 



UII-a) 



wherein M is a transition metal atom of Group 4 or Group 5 of the periodic table, 
m is an integer of 1 to 3, 

R 1 to R 5 may be the same or different and are each a hydrocarbon group, an aikoxy group or a rtydrocarbon- 
30 substituted sityl group, 

R 6 is a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyi group, an aikoxy group, an aJkyttnio 
group or a cyano group, 

two or more of R 1 to R 6 may be bonded to each other to form a ring, 

35 when m is 2 or greater, two of the groups R 1 to R 6 may be bonded to each other, with the proviso that the 

groups R 1 are not bonded to each other, 
n is a number satisfying a valence of M, and 

X is a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitro- 
gen-containing group, a halogen-containing group or a silicon-containing group, and when n is 2 or 
40 greater, plural groups X may be the same or different and may be bonded to each other to form a ring. 

21. The transition metal compound as claimed in claim 20, wherein m is 2. 

22. An olefin polymerization catalyst comprising: 

45 

(A") a transition metal compound as claimed in any one of claims 19 to 21 , and 
(B) at least one compound selected from: 

(B-1) an organometallic compound. 
so (B-2) an organoaluminum oxy-compound, and 

(B-3) a compound which reacts with the transition metal compound (A) to form an ion pair. 

23. The olefin polymerization catalyst as claimed in claim 22, further comprising a carrier (C) in addition to the transi- 
tion metal compound (A") and at least one compound (B) selected from the organometallic compound (B-1). the 

55 organoaluminum oxy-compound (B-2) and the compound (B-3) which reacts with the transition metal compound 
(A") to form an ion pair. 

24. A process for olefin polymerization, comprising polymerizing or copolymerizing an olefin in the presence of the ole- 
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fin polymerization catalyst as claimed in daim 22 to 23. 

25. An a-olef in/conjugated diene copolymer having a molecular weight distribution (Mw/Mn) of not more than 3.5. a 
content oi constituent units derived from an a-oiefin in the range of 1 to 99.9 % by mol and a content of constituent 

5 units derived from a conjugated diene in the range of 99 to 0.1 % by mo), in which the polymer chain contains 1 .2- 
cydopentane skeleton derived from the conjugated diene in an amount of not more than 1 % by mol. 

26. The a-olef in/conjugated diene copolymer as claimed in claim 25, wherein the polymer chain does not substantially 
contain the 1 ,2-cyctoperrtane skeleton derived from the conjugated diena 

to 

27. The a-def in/conjugated diene copolymer as claimed in daim 25 or daim 26, wherein the content of the constituent 
units derived from the a-olef in is in the range of 50 to 99.9 % by mol and the content of the constituent units derived 
from the conjugated diene is in the range of 50 to 0.1 % by mol. 

is 28. The a-olefin/conjugated diene copolymer as daimed in any one of daims 25 to 27, wherein the a-olefin is ethylene 
and/or propylene and the conjugated diene is butadiene and/or isoprene, 
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Fig.1 

(A) Transition metal compound 




M transition metal atom of Groups 3-11 
R'-R^H, hydrocarbon group, etc. 
m:1-6 

n :Number satisfying valence of M 
X :Hal, hydrocarbon group, etc. 

(B) 



^Organometalllc compound^ 

^ Organoaluminium oxy-compound 



Compound reacting with transition 
metal compound to form ion pair 



Olefin 
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Fig.2 

(A) Transition metal compound 
R 3 ^=N x y H=( R 7 

R 5 R 6 R 10 R 9 

M : Transition metal atom of Groups 3-11 
R 1 - R 10 : Hal, hydrocarbon group, etc. 
n : Number satisfying valence of M 
X: Hal, etc. 

Y : Hydrocarbon group of C 3 or more, etc. 

(B> 

^Organometallic compound^ 

^ Organoaluminium oxy-compound ^ 

(Compound reacting with transition A 
metal compound to form ion pair J 



Olefin 
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